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 In
May
1976,
the
Scientific
Basis
for
water
Quality
Criteria
Committee
(now
a
Task
Force)
of
the
Research
Advisory
Board
proposed
that
the
Board
sponsor
a
workshop
on
environmental
mapping
and
biological
allocation
in
the
Great
Lakes.
This
was
approved
and
a
steering
committee
was
established
to
direct
and
coordinate
the
effort.
The
meeting
was
originally
entitled:
"Workshop
on
Environmental
Value
Mapping
of
the
Great
Lakes".
Prior
to
the
workshop
and
especially
during
the
meeting
itself,
it
became
apparent
that
the
word
"value"
in
the
title
was
controversial.
There
was
disagreement
as
to
whether
mapping
the
environment
in
terms
of
"value"
would
be
a
useful
exercise
and
whether
it
is
meaningful
to
assign
values
to
different
parts
of
an
environment
since
all
habitats
and
all
biological
components
may
be
vital
to
the
maintenance
of
ecosystem
integrity.
However,
there
was
general
agreement
that
environmental
mapping
holds
promise
and
should
be
explored.
Thus,
the
term
"value"
was
deleted
from
the
title.
The
workshop
emphasis
was
shifted
away
fromthis
aspect
and focused
primarily
on environmental mapping
in the Great Lakes.
The intent of the workshop was
to stimulate thOught and discussion among
the workshop participants on the potential benefit of mapping as an aid in
restoring and enhancing water quality of the Great Lakes.
The workshop was
organized into three major presentation sessions:
Concepts and their
Applications - Uses of Maps; Previous Mapping Efforts; and Availability of
Information.
Concurrent group sessions were subsequently held to identify
and summarize priorities of the respective presentation sessions"
A summary
session followed to present conclusions, recommendations, and research needs
identified in the group sessions.
Because of the interest that was stimulated
in environmental mapping, an informal discussion session was held on the
evening of the second day to discuss the relative merits of mapping and how
to proceed with mapping the Great Lakes.
This publication presents the
proceedings of this workshop.
The editors wish to thank the participants of this workshop for their
contributing papers which were requested on short advanced notice. Thanks is ‘
also extended to Dr. Dennis Konasewich and Dr. Andrew Watson for their help 1
in the workshop activities and Ms. Norma Gibson McDonald for her help in
editing. Special thanks also go to the members of the Workshop Steering
Committee: Dr. William Brungs, Mr. Jack Christie, Mr. Carlos Fetterolf, Mr.
Richard Millest, Dr. Andrew Robertson and Dr. Nelson Watson for their assist-
ance in the organization and operation of the workshop, and their summation
of the workshop achievements.
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I
am
pleased
and
excited
to
be
here
because
I
think
we
are
on
the
thres—
hold
of
developing
a
means
which
will
enable
us
to
perceive
a
Great
Lakes
as
a
system
and
to
identify
the
action
necessary
to
achieve
our
management
objectives.
In
1965,
I started
serving
on
federal—interstate
and
international
committees
to
advise
governments
on
various
problems
of
the
Great
Lakes.
I
think
my
Great
Lakes
committee
experience
now
comes
to
about
fifteen.
From
that
early
moment
I
became
an
advocate
of
management
and
research
related
to
a
Great
Lake
on
a
waterbody
basis.
So
much
so
that
I
refuse
to
write
"water—
body"
the
way
Webster
does.
He
makes
it
two
words.
I
chose
to
write
it
as
one
word,
connecting
a
oneness,
and
I
hope
that
in
the
future
Webster
will
agree with me.
On
my
return
to
Michigan
from
Washington
in
1973,
I
became
very
active
in
IJC
because
that
body
had
a
mandate
to
consider
the
lakes
on
a
waterbody
basis.
In
1975
I
joined
the
Secretariat
of
the
Great
Lakes
Fishery
Commission.
A
prime
reason
was
their
mandate
to
work
on
the
lakes
on
a
waterbody
basis.
This
workshop
is
in
part,
an
outgrowth
of
my
waterbody
conviction.
I
believe
that
Great
Lakes
maps
showing
areas
of
biological
and
social
importance
will
put
uses
in
better
perspective,
lead
to
a‘better
understanding
of
the
system,
and
provide
a
better
information
base
leading
to
better management decisions.
By
the
time
you
leave
here
I
hope
we
all
share,
to
one
degree
or
another,
that
view.
We
are
here
to
find
out
what
should
be
put
on
environmental
maps;
why,
how,
for
what
purpose,
and
how
much
of
that
information
we
already
have
in
one
form
or
another
that
is
waiting
to
be
put
into
a
form
we
can
all
use.
My
introductory
talk
will
be
no
news
to
many
of
you
experienced
IJC
cooperators,
but
may
be
of
considerable
interest
to
those
of
you
with
less
IJC
experience.
Signing
of
the
Canada-U.S.
Great
Lakes
Water
Quality
Agreement
in
1972
was
a
shot
in
the
arm
to
the
venerable
International
Joint
Commission
(IJC)
and
has
resulted
in
a
burst
of
activity
among
the
two
countries,
eight
states
and
the
province
which
have
regulatory
jurisdiction
in
water
pollution
matters
on
the
lakes.
Given
this
many
entities
sharing
a
resource
it
is
obvious
there
are
a
variety
of
philosophies,
purposes,
and
management
plans
extant,
some
complementary
and
some
not.
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2
 much less for their life history stages and processes. If you lower existing
water quality which is better than the standards £g_the standards you've lost
value, although the loss may not be immediately measurable by our crude
ecosystem quality—evaluation techniques. Conversely, if you raise a degraded
condition so that it meets water quality standards, enforcement people are
happy, but meeting minimum conditions may not constitute an unimpaired situation
or result in the biological productivity you seek. Only your receiving
ecosystem and the welfare of the water users truly reflect the quality of the
situation.
The National Pollutant Discharge Elimination System (NPDES) places
qualitative and quantitative limits on effluents. A happy day for enforce—
ment agencies. Measure and analyze the discharge. A quick answer results,
in compliance or not. Now really, do you think anyone could adequately
describe and place limits on all the components of the discharge from a
large, diversified—product chemical plant so no harm to the ecosystem would
result? There is no way to list and limit knowledgeably. For example, the
permit for Hooker Chemical, whose effluent finds its way to Lake Ontario,
specifies a maximum of 950 pounds per day of unspecified chlorinated hydro-
carbons. How much of these materials are non-persistent is not known. Nor is
the quantity which is persistent and bioaccumulable. How much is or has been
Mirex, the chemical whose residues in fish has caused New Yorkto not only
warn against eating several species from Lake Ontario, but to rule against
even possession of many species? Mirex is not mentioned in the permit.
Lake Ontario has just benefited from the first complete round of
tributary treatments by agents of the Great Lakes Fishery Commission to
control sea lamprey, the parasite whose predation makes maintenance of a
population of salmon and trout in that lake virtually impossible. Lake
trout, other trout, and salmon were stocked and are growing very well. The
fishing is good and the interest of the people very high. Has this resource
been taken away under a permit to pollute?
Again, the ecosystem reflects the success of control programs. Limits
for discharge of unspecified toxic materials should bedesigned on a basis of
toxicity units or bioaccumulation units derived from both short and long term
bioassays and exposures. And still that won't guarantee a healthy ecosystem.
You can't just be happy withmeeting regulations. Remember your ultimate goals,
and don't be overjoyed by your intermediate steps! Ask your ecosystem to say
"Aaa—hhh". ‘
One of the Subcommittee's key concerns was mixing zones. They are areas
where non-compliance with water quality objectives or standards is allowed.
Whenever water quality objectives are not met there is a loss of value, a
trade-off. There can be only so many trade—offs before you discover that
the ecosystem community and uses which wereyour management objectives have
really not been traded—off. They've been ripped-off, nickeled and dimed to
death.
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 (5) Select level of protection. This is where social choice comes in,
because the greater the level of protection desired, the greater
will be the restrictions against further encroachment. This is the
step where we all get impressed once again that there's no free
lunch.
(6) Calculate value available for uses not in compliance with water
quality objectives. This is where you may find y0u still have some
value to trade off while still maintaning your ability to achieve
your management objectives. Or you find you can't trade any more.
Or you find you've alreadylost too much, to the point that water—
body integrity in line with management objectives is threatened, or
already down the drain. At that point you have two choices:
downgrade your management objective; or rehabilitate some of the
critical habitat you've alreadylost.
(7) Allocate value to present noncompliance uses while maintaining
a reserve for the future. This is when the bartering gets really
complicated between those entites sharing the waterbody and it's
discovered that good old entity A has already used more than their
share and entity B has lots of value left to use.
A factor is missing from the above scheme. Other high value uses such
as recreation areas, water intakes and aesthetic sites. These must be added
to the value scheme.
Our Committee recognized that a waterbody map highlighting these areas
of environmental value and their functions was essential to identifying the
availability of habitat which could be limiting to achieVement of objectives.
The Research Advisory Board of IJC agreed, and is sponsoring the workshop on
the feasibility of environmental value mapping of the Great Lakes. We will
consider what information the many potential user groups would like to see on
the maps; previous environmental mapping efforts in Galveston Bay, Chesapeake
Bay, the Potomac Estuary and the New York Bight; the availability of such
information for the Great Lakes and what work is needed to produce the desired
maps.
We have a feeling this type of mapping is going to happen, but we don't
know who'll do it. In th U.S. the Fish and Wildlife Service, the Coastal
Zone Management Program, the National Marine Fisheries Service, and Sea Grant
are all making interesting noises. Canadian fishery interests are leery of
the word allocation because of its connotation of further trade-off or give
away. They generally feel that the keys to successful management are rehabili-
tation of habitat environment in the lower lakes and maintenance and protection
in the upper lakes. I feel that environmental value maps can display the
need for rehabilitation with more impact than other methods. I hope Canadians
will support environmental mapping. Maps of the Great Lakes would look
pretty silly if they only extended to the international boundary.
There is also genuine concern that preparation of maps fixes the envir—
onmental situation in concrete. There is no question the maps must be kept
up—to—date as our knowledge of ecosystem structure and function becomes more
complete.
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 USES OF ENVIRONMENTAL MAPS IN
DETERMINING AREAS OF NONCOMPLIANCE
w. A. Brungs
Environmental ResearchLaboratory-Duluth
U. S. Environmental Protedction Agency
Duluth, Minnesota
INTRODUCTION
Regulatory mechanisms are required to protect the balanced communities
within the Great Lakes by limiting the total areas of potential degradation.
One mechanism is the area of noncompliance (or mixing zone) which is
defined as that in the vicinity of a discharge where water quality
objectives may not be met.
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BIOLOGICAL CONSIDERATIONS
From a biological standpoint, the location of the area of noncompliance
is important. It is generally true that an offshore discharge has a lesser
potential for adverse effect than a comparable onshore discharge into shallow
water. Shallow water generally has a higher biological value and is more
productive, since food production is greater in the shallow water zone. Light
penetration is sufficiently deep to support growth of periphyton, attached
algae, and rooted vegetation; terrestrial food organisms and nutrients from
runoff are commonly moreplentiful; there is a greater variety of substrates
(sand, sediment, and rubble as contrasted to mostly fine sediment in deeper
water) that provide habitat for many kinds of food organisms; and oxygen
concentrations are more favorable because wave action and diffusion processes
transport oxygen to the bottom. The number and variety of fish are greater
in shallow areas because they are used as spawning and nursery grounds. In
addition, prior to spawning migrations into tributary streams, numerous fish
species concentrate in shallow waters until conditions are optimal for
spawning runs. The reasons for this are numerous: cover provides more pro-
tection from larger predators; the more diverse substrates support a greater
variety of species in larger numbers than the more uniform habitat of deep
waters; and many fish species migrate through the shallow shore zones.
Protected bays and coves are often the most biologically important, probably
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 a thorough biological characterization necessary for adequate environmental
maps. If such a characterization, based on the various biological populations,
is available in adequate detail, it should be used.
BIOLOGICAL VALUE
As noted above, the various biotic zones existing within a portion of a
water body must be appropriately defined in environmental maps together with
additional data on socio—economic, aesthetic, and commercial considerations.
As well, thesebiotic zones have different biological values. Common sense
indicates that areas of noncompliance should be located in the less valuable
biotic zones or in those with larger areas. Thus, a biological value for the
various biotic zones could be established in order to allocate areas of
noncompliance. Zones of high importance would be assigned high biological
value.
Although the biological or environmental value determination cannot be
strictly objective, the expert opinion of biologists familiar with the local
situation must be utilized. Highly valued trout waters, areas inhabited by
endangered species, and many very productive areas might be considered
invaluable and given a value of infinity and thus exlcuded from consideration
as discharge areas. Value can be based proportionately on the ratio of the
species diversity in the areas. Current—swept mid—channels of connecting
waterways or deep waters, devoid of dissolved oxygen (D.O.) can both be given
low value. When a competent data base for establishing biological value does
not exist, one may assume the biological value to be the same for all biotic
areas (i.e. the value of a unit area is inversely proportional to the total
area in each zone). Thus by proportionately restricting the area of non—
compliance to the same percent area used for mixing, one avoids placing all
areas of noncompliance in one biotic zone. As is shown later, the biological
value is important because it defines the upper limits on the area of each
biotic zone to be used for mixing. The limits allow dischargers to select
better sites and permits regulatory agencies to encourage discharges into the
areas least likely to be damaged. The concept of assigning biological value
is also important because the total area allocated to noncompliance can be
more easily and accurately allocated than areas for individual point sources.
This is because any error is distributed proportionally to each area and the
decision considers the potential combined effects of all discharges. To be
done by competent staff, this only needs to be decided once.
LEVEL OF PROTECTION
What percentage of total biological value should be used? Conditions
necessary for all life history processes may not be provided for in areas of
noncompliance. When an excessively large percent of a water body segment is
made up of these areas, the population of some species will decline and an
unpredictable chain of events may ensue. Furthermore, conservative estimates
ll
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 COASTAL ZONE MANAGEMENT IN THE GREAT LAKES REGION
G. F. Kotas
Great Lakes Basin Commission
Ann Arbor, Michigan
I am here today to discuss both the information gathered by the coastal
zone management programs in the Great Lakes Region on the offshore lake
resources and the additional data needs of these programs. For those not
fami
liar
with
the
coas
tal
zone
mana
geme
nt
(CZM
) pr
ogra
ms i
n th
e Gr
eat
Lake
s
Region, I would like to begin with some brief background information.
The programs are implementation oriented programs for developing guidelines
for t
he us
e of
the s
tates
' sh
ore z
one r
esour
ces.
The
juris
dicti
onal
bound
aries
of t
he p
rogr
ams
exte
nd l
akew
ard
to t
he i
nter
nati
onal
or s
tate
boun
dary
as a
ppro
-
priate and landward to include those uses which directly and significantly
affect the coastal waters. These jurisdictional boundaries clearly demonstrate
that the CZM programs are water oriented. The programs require integrating
authority to orchestrate the many federal, state, regional, and local agencies
with jurisdictional responsibilityin the shore zone, to work within state
established guidelines for the wise use of the shore zone resources.
The eight Great Lakes States are developing CZM programs pursuant to the
Federal Coastal Zone Management Act of 1972 (Public Law 92—583) as amended.
According to the 1972 Act, states are eligible for up to four years of funding
at a formula of 80 percent federal, and 20 percent state to develop their
management programs. The state is eligible for funds once its program has
been approved by the Secretary of Commerce, whose agency administers the
programs.
Under the federal legislation, the states must coordinate the development
and implementation of their programs with adjacent states. To facilitate this
coordination, the states asked the Great Lakes Basin Commission in 1974 to
establish a Standing Committee on Coastal Zone Management. Briefly, the objec—
tives of this Committee are: (l) to serve as a medium to achieve interstate
cooperation in the coastal zone of the Great Lakes as mandated by the Coastal
Zone Management Act; (2) to serve as a forum for discussion of issues of common
concern such as: a) extent and capability of boundaries, b) compatible programs
which impinge on common geographic areas, for example, Maumee Bay which borders
on the States of Michigan, Indiana, and Ohio, c) to facilitate timely discussion
and resolution of coastal zone issues/problems of state and national interest,
d) develop and disseminate coastal zone related information of a common nature
and concern, and (3) to act as a convener for workshops, meetings, and dis-
cussion. The Committee works closely with Environment Canada and agencies of
the Province of Ontario, particularly on shore recession/erosion studies. The
membership of the Committee includes representatives of the eight Great Lakes
States coastal zone management programs and representatives of six federal
15
 
  
agencies. The Committee has sponsored several workshops to assist the states
in the development of their coastal zone management programs. The Committee
is currently sponsoring a study of coastal dependency and trends of energy
faciliities in the Great Lakes region with funding from the Office of Coastal
Zone Management, NOAA, U.S. Department of Commerce.
The Great Lakes States' coastal zone management programs are at different
states of development because each began their programs at different times
and proceeded at different rates. Therefore, the question of information
generated and information needs for the states becomes more complex. For
example, the states of Michigan and Illinois plan to submit their programs
for review within six months, whereas Indiana and Ohio are now beginning the
second year of their programs.
Because the entire U.S. portion of the Great Lakes is within the juris—
dictional boundary of the coastal zone management programs, the proposed
environmental mapping of the lakes is of great interest to the states.
A major element in the development phase of each state's program is an
inventory of the shore zone resources including the natural resources,
economic resources, and social resources. To prepare for this talk I have
surveyed the coastal zone management programs of the eight Great Lakes States
to determine the following: (1) the information gathered or to be collected
by the states on offshore resources to keep attendees of this workshop abreast
of state work in this area; (2) the parameters of special interest to the
states when considering an environmental mapping effort.
Major emphasis in all the programs has initially been land oriented
because of the availability of data on land resources. In general, most
states have mapped shoreline land use including very detailed recreational
use inventories. Most have mapped outfalls and water intakes and some
attempt is being made to determine the potential offshore mineral resources.
In particular I would like to describe state—by—state the work that has
already been accomplished or is planned by the state programs and areas of
interest for additional information.
ILLINOIS CZM PROGRAM
0 Illinois has mapped the dolomite reaf outcrops serving as prime
lake trout spawning areas on the lake bed in water depths of 30 to
60 feet. Management recommendations for these areas have also been
developed.
0 In addition to mapping offshore sand deposits, the volumes of these
deposits are being calculated.
l6
0 Illinois has mapped nearshore bathymetry to 30 foot depths, utilizing
one foot contours and is remapping, on a yearly basis, harbor areas to
study sediment movements.
The Illinois CZM program is interested in additional information on
nearshore and offshore currents, especially noting seasonal variations and
interchange between nearshore and offshore water and sediment. They presently
have general information on prevailing patterns of sediment transport. The
additional information would be used for long range planning purposes,
specifically in planning and the future management of the proposed land
extension programs.
Another subject of interest is the changes in water quality of the
Illinois portion of Lake Michigan from the influence of the Milwaukee,
Wisconsin area and from the industrial areas of Indiana. Depending upon
prevailing current conditions, the quality of the drinking water supply for
the State of Illinois is affected by these two regions. Information on
offshore and nearshore currents would aid in predicting these poor water
quality conditions and assist in the planning and long term management of
Lake Michigan water quality.
NEW YORK CZM PROGRAM
The State of New York plans to collect and map, at a scale of
l:24,000, information on the following parameters:
0 Coastal wetlands
o Estuaries
0 Deep water habitat
a Shell fish beds
0 Unique ecological areas
0 Rare and endangered species habitat
0 Highly erodible areas
0
Of
fs
ho
re
sa
nd
an
d
gr
av
el
de
po
si
ts
0
Pub
lic
boa
tin
g a
nd
fis
hin
g
acc
ess
sit
es
0 Water intakes and outfalls
Re
pr
es
en
ta
ti
ve
s
of
the
Ne
w
Yo
rk
De
pa
rt
me
nt
of
En
vi
ro
nm
en
ta
l
Co
ns
er
v—
ati
on
poi
nte
d
out
tha
t
it
is
too
ear
ly
in
the
ir
res
our
ce
inv
ent
ori
es
to
sp
ec
if
y
ot
he
r
pa
ra
me
te
rs
or
ma
p
sc
al
es
th
at
wo
ul
d
be
ne
ed
ed
fo
r
ad
di
ti
on
al
in
fo
rm
at
io
n.
Th
ey
ar
e
in
te
re
st
ed
,
ho
we
ve
r,
in
th
e
ov
er
al
l
ef
fo
rt
of
environmental mapping.
l7
 
  
PENNSYLVANIA CZM PROGRAM
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 INDIANA CZM PROGRAM
The Indiana program has proposed several areas of research and
study as part of their second year program. These items include:
0 Study of nearshore currents
0 Wave climatology
0 Shore zone processes including (a) shoreline recession/accretion
and (b) littoral drift
0 Impact of man-made structures on shoreline stability
0 Extent and nature of offshore mineral deposits
Information relating to any of these areas would prove useful to
the Indiana CZM program.
WISCONSIN CZM PROGRAM
Included in the state coastal zone program are:
0 Mapping of nearshore currents
0 Mapping of fish spawning areas
0 Sand budget studies
0 Beach gradient measurements
Wisconsin is particularly interested in detailed information in
several areas including nearshore currents and sediment transport.
MINNESOTA CZM PROGRAM
At present the Minnesota program is particularly interested in
information in their island resources including habitat for endangered
species and factors relating to the transport of hazardous and toxic
materials on Lake Superior.
In summary, the Great Lakes states' coastal zone management programs
have compiled considerable information and have initiated some new
research on offshore resources of the Great Lakes. All of the States
have expressed interest in certain aspects of the proposed mapping
effort to provide detailed information for the development of state
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and local management strategies (i.e. to use the offshore resources
wisely and to identify sites or areas requiring state/local preservation,
conservation, or rehabilitation efforts). The states stressed the need
for detailed scale for their work, at least l:24,000. They also stressed
the need for development of good base maps of the Great Lakes for planning
and management purposes, realizing that presently there is no good
series of base maps at a detailed enough scale for such purposes.
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 BIOLOGICAL MAPPING - ALLOCATION
K. H. Loftus
Division of Fish and Wildlife
Ontario Ministry of Natural Resources
Toronto, Ontario
I approach the task of making a presentation to this assembly, with these
terms of reference, with great concern and the uncomfortable feeling that I am
damned if I do, and I am damned if I don't. Although I represent an agency
involved with fisheries management, I believe the comments touch a much broader
segment of society than that small portion directly involved with fisheries.
Fresh in my memory is a proposal submitted a few years ago to the Ministry
I represent, by an agency dedicated to further "development" naturally the
equivalent of "progress". The proposal for development on one of the Great
Lakes was presented in a context, purporting a notable environmental awareness,
of providing my agency to select the least damaging of three or four alterna—
tive sites. The site selection was to be facilitated by the use of a lovely
and logical grid or matrix of environmental impact considerations. Obviously
the thing to do was to spend funds andtime and staff in the very careful
completion of the matrix, after appropriate field surveys, and to feel pleased
that progress was being made.
However, when you start to play that game, you have already lost. You
have lost because you have been conned into careful consideration of the wrong
question. The question mighthave been: Is this development necessary? How
can we engineer this development for minimal environmental impact? How
can we engineer it for minimal long term vs. short term cost to the taxpayer?
As was the case in this proposal: Where should we do it using this design?
In our opinion the design reflected concern for short term capital cost, not
long term environmental concern. Of course when we were relectant to play the
game of selecting the least damaging site, we were seen as being against pro-
gress. The controversy continues — perhaps that constitutes progress.
I have the uncomfortable feeling that this conference in dealing with
Biological Mapping: Allocation, may be in the trap of addressing the wrong
question. Perhaps I am wrong.
Mapping biological resources at any time can be a useful exercise since
it implies 'stock—taking' as a basis presumably for management of those
resources. I am not sure that we know the parameters critical to society for
such mapping but that's beside the point.
The suggestion, that having 'mapped' the resources, we should, or have
any right to discuss the allocation of those rescurces - some to biological
production and some to destruction — assumes a level of understanding of the
ecosystem which has yet to be attained. It also assumes the right to reduce
the future options available to this, let alone following generations.
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If 'mapping' in the context of this group means developing a catalogue
of what is now in the Great Lakes as a basis for 'allocation'; count me out.
I think that is a loser's game because it addresses the wrong question. If
it means using the catalogue as a basis for comparison to what was in place
some decades ago, thus demonstrating what has already beenlost, then count
me in.
Discussion of the allocation of a lake's biological productive capacity
might be useful if:
(1) the lake in question is a viable productive system in the original
natural sense, and
(2) if we understand the capacity of the lake to accommodate combined
stresses while remaining productive for fish and other human needs
over the long term.
The current state of our understanding requires that our mapping provide
trend—thru—time data (i.e. monitoring) as a basis for learning as we go.
Perhaps when we retrieve three or four decades of lost water quality, with
adequate monitoring and modelling during the process, we will be able to
consider allocation.
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 ENVIRONMENTAL MAPPING — WILDLIFE
J. E. Bryant
Canadian Wildlife Service
Environment Canada
Ottawa, Ontario
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 USING THE INFORMATION
One of the principal criteria for a multi-disciplinary program to map
environmental data should be that the data bank is computer compatible. As
Boyd (1974) has pointed out there are many problems of integrating data banks
from different specialty fields. There are also difficulties in flagging with
indices of reliability, the data that go into such banks. Those difficulties
however, must be overcome if the data are to be useful to users from many
different disciplines. For many purposes the parameters to be mapped are
far too complex and too dynamic to be comprehended in old style overlays. It
is only through the means of a well designed and comprehensive data bank and
high—speed computer analysis that one could reasonably hope to have such diverse
data produced in an intelligible format. The Canada Geo—Information System,
developed originally for use in the Canada Land Inventory, is one example of
such a computer based system (Tomlinson, 1967, Switzer, 1976). There are
several others (Tomlinson et a1. 1976). From an integrated data file, analysis
of various types can be undertaken. Two recent ventures of Environment Canada
in this field are the "matrix powering technique" (Ross, 1974) which was used in
assessing relative environmental impacts of five potential sites for a new
trans-shipment facility in the Nanaimo Harbour and the "grid—square technique"
(e.g., Pentland, and Cutherbert, 1971, Anon, 1975, Solomon and Associates
Limited, 1976) used to analyse hydrological data in specific watersheds.
Imaginative cartography such as that found in Simpsons' (1973) atlas of
the Gulf of St. Lawrence, can be extremely useful in strategic planning and in
conveying to the public in general very large amounts of diverse data which
would be exceedingly difficult to comprehend in any other fashion. Doxiadis
(1966) demonstrated the use of such information in his study of the future of
the urban Detroit area. McHarg (1969) describes his successful use of
overlay maps reflecting social, resource and aesthetic values in determining
the routing of a throughway. Spinner (1969) produced a very colourful and
useful serial atlas for large scale planning along the U.S. Atlantic coastal
zone, particularly with respect to wetlands and shellfish areas. Freeman,
Bruce and Walford( 1974) produced an atlas of the fish, fishing grounds and
fishing facilities of the United States' Atlantic coast. And of course,
much closer to home, is the very recent atlas of the Great Lakes Shoreline
produced jointly by Canada and Ontario (Haras and Tsui, 1976). The.0ntario
Ministry of Natural Resources has also produced an as yet unpublished series
of reports on sensitive areas which although not yet in atlas form are a mine
of information. One would hope that in the development of atlases respecting
the Great Lakes Basin, those Sensitive Areas Reports would be extensively used.
One of the likely uses of mapped environmental datain the Great Lakes is
to select those areas which will be least damaged by the imposition of certain
types of seemingly inevitable environmental indignities. That is a valid use.
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 I think it is necessary however, to seek means of maintaining an acceptable
life style without imposing further avoidable strains on the environment.
While there have been remarkable strides as a result of the Canada/U.S.
Agreement to clean up pollution in the Great Lakes, they are in many ways
comparable to the pollution abatement equipment on your car -— a step in the
right direction. The environmental maps which this workshop is considering
will help government and industry to make better use of what is left of the
"natural" environment. They will helpto indicate where new environmental
perturbations might be imposed with the least damaging consequences, but I
hope they will also lead to a better public understanding of the need to stop
them from occurring at all, or to use the terminology of a previous Minister
of the Environment, to "keep pollution within the factory fence".
DISPLAYING THE INFORMATION
At least four manners of displaying the information need to be considered.
The first is a simple display of individual parameters, e.g. coastal wetlands
and islands, indicating ecological value classes. Such maps, even if based
on crude data at first, can be extremely useful in identifying potential
problems and in framing priorities. Within a rather small "public" it is
known for example that maintenance of undisturbed habitat on the Slate Islands
in Lake Superior is critical to the survival of an unusual population of
woodland caribou (Euler, Snider and Timmermann, 1976). It is also known that
maintenance of the Lake St. Clair and Long Point marshes is essential to the
continuation of waterfowl populations in southwestern Ontario (Dennis and
Chandler, 1974). Clear public identification of such facts through published
atlases would aid in ensuring that avoidable disturbance does not occur. The
Arctic Ecological Map Series (Canadian Wildlife Service, 1972) has been
extensively used by both governmentand industry for that purpose. A second
level of display is a simple overlay, e.g., bird populations at different
seasons overlayed on one or more other maps showing such things as coastal
habitat, present land use and ice conditions. A third level of sophistication
is the "complexed" mapwhich is useful for planning purposes in that it is in
effect a summary of a series of overlays. Such a complex could show for
example the areas of greatest importance to birds, to boating recreation, to
heavy industry and to shore damage. Such maps can be put together for a
variety of purposes and as long as one recognizes their shortcomings, can be
very useful in sorting out potential environmental conflicts (e.g. Anon,
1976). A fourth level of sophistication is the computer-generated map which
would be able to predict for example, that an oil spill of certain dimensions
at point A under given conditions of current, wind, temperature, etc., would
spread in a particular fashion so as to impact on other biological or physical
aspects of the environment in a given fashion. The information would provide
the on—site commander of the clean up operation with a good grasp of priorities.
The computer however, would also be used in all kinds of day-to—day problem
solving or program planning because it is possible in using a computer to
select from a very large data bank those specific criteria including such
things as economic and demographic statistics which are of concern in any
particular study. Doing the same thing with data which are simply mapped is
often not possible because of the complexity of the factors involved.
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The information required for this design of municipal intakes and
discharges are similar in many respects. Knowledge of the local physical
characteristics is equally essential for both uses. Knowledge of the vari—
ability of temporal water quality is required for drinking water supplies.
Treatment design may be equally essential for outfalls since the waste
discharge may affect water quality at a nearby water intake. The potential
detrimental effects on adjacent water uses other than water intakes are of
course, peculiar to waste discharges. From an environmental mapping point of
view, waste dischargesare of greater importance than water intakes.
What are the basic information needs and procedures therefore? First of
all, existing and potential water uses in the area under consideration require
definition. This may require surveys of some form or another. However,
sufficient detail is available in those areas near major metropolitan areas.
Having established local water use information, the water quality criteria
for the protection of these uses (including agricultural, fish, other aquatic
life and wildlife, industrial water supply, public water supply, recreation
and aesthetics) are selected from the Ministry of the Environment Guidelines
and Criteria for Water Quality Management in Ontario. Objectives outlined in
the 1972 Great Lakes Water Quality Agreement are another requirement for
water quality. Together, these two documents form the basis for defining the
local quality which has to be met and the treatment requirements for waste
discharges including outfall and intake design and location.
What information is needed to ensure that these water quality require—
ments are in fact met? The key aspect in locating intakes or outfalls is, of
course, to establish as accurately as possible a cause and effect relationship.
If the cause is a known pollution source, the effect is a water quality
change affecting water use. The Upper Great Lakes Reference Group of the
International Joint Commission established quite conclusively that very
little was known of the nearshore processes, such as material decay rates,
nearshore-offshore exchange rates. However, it is absolutely essential that
such information is developed, particularly for the design of major intakes
or outfalls.
The establishment of cause and effect relationships requires the collec-
tion of general water quality information and local physical parameters such
as the currents and geology of the lake bottom.
This information can be
obtained largely from existing programs including the nearshore water quality
surveillance program conducted for the International Joint Commission by the
Province of Ontario,
records maintained at water works, intakes and other
studies by government agencies, universities, private groups.
While these
sources of information may not always be site specific, they are generally
adequate or require little augmentation through field studies.
This particu-
larly
applies
to
smaller
outfalls
(up
to
5 mgd)
where
the
danger
of
water
quality
degradation
is
remote.
Treatment
outfalls
can be
designated
such
that
they have
a minimal
effect
on water
use.
Data
collected
through
1969
to
1974
by
the
Ministry
of
the
Environment
and
other
agencies
on
lake
coastal
dispersion
is
an
information
source
which
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s b
rin
gs
me
to
an
imp
ort
ant
poi
nt
all
ude
d
to
ear
lie
r,
i.e
.,
the
siz
e
of
the
out
fal
l i
s i
mpo
rta
nt
in
def
ini
ng
the
inf
orm
ati
on
nee
ds,
or
put
dif
fer
—
ent
ly,
the
abi
lit
y o
f t
he
pro
jec
t t
o o
bta
in
the
req
uir
ed
inf
orm
ati
on
eco
nom
i—
cal
ly.
Lar
ge
out
fal
ls
req
uir
e a
mor
e c
are
ful
con
sid
era
tio
n i
n a
sse
ssi
ng
the
ir
eff
ect
s o
n t
he
env
iro
nme
nt
or
wat
er
use
.
Reg
ard
les
s o
f t
he
inf
orm
ati
on
alr
ead
y a
vai
lab
le
on
wat
er
qua
lit
y,
wat
er
use,
or
cur
ren
t m
ove
men
ts,
maj
or
pro
jec
ts
whi
ch
inv
olv
e l
arg
e w
ate
r i
nta
kes
or
out
fal
ls
ret
ain
con
sul
tan
ts
and
gov
ern
men
t e
xpe
rti
se
to
per
for
m e
xte
nsi
ve
sit
e s
pec
ifi
c f
iel
d s
tud
ies
.
Env
iro
nme
nta
l a
sse
ssm
ent
rep
ort
s a
re
wri
tte
n a
nd
the
int
ake
s a
nd/
or
out
fal
ls
are
des
ign
ed
acc
ord
ing
ly.
Pre
sen
t g
ove
rnm
ent
pol
icy
mak
es
it
the
res
pon
si—
bil
ity
of
des
ign
pro
pon
ent
s t
o d
emo
nst
rat
e t
hat
the
pro
jec
t i
s e
nvi
ron
men
tal
ly
sound.
DISCUSSION
The
info
rmat
ion
pres
ente
d th
us f
ar h
as d
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pro
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A p
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nta
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a g
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esti
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The
main
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e wo
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hat
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a mo
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t of
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envi
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pawn
ing
beds
or w
ildl
ife
habi
tat.
This
info
rmat
ion
woul
d gr
eatl
y
assist in determining the relative significance of eliminating or reducing a
particular water use.
31
 
  
Assuming for a moment that spawning beds are an environmental considera—
tion, the obvious questions that should be asked are: how quickly could the
aerial extent of the spawning beds be defined; how much it would cost to
perform this task; how often would it have to be updated; do all the Great
Lakes have to be mapped?
Unquestionably, it would be nice to have inventoriesof environmentally
important information, including information on spawning beds, fisheries and
their relative value. Without answers to these and other questions, it is
difficult to make judgement on the need or value of environmental mapping.
A third and perhaps most important approach rests in the area of admin-
istrative and legal procedures. Arbitrary assignment of mixing zones without
recognizing the potential effect to environmentally sensitive areas should
not be permitted in my View. Areas where water quality is permitted to be
degraded should be limited in extent to ensure that existing or potential
water use is not affected, and located so that environmentally sensitive and
important values are not destroyed. If this principle is accepted adminis—
tratively and legally, adequate protection of environmental values shouldbe
assured.
CONCLUSIONS
1. Environmental value mapping for planning purposes is not applicable to
municipal projects as they would be to industrial development. Municipal
development along the Great Lakes shoreline is not significantly in—
fluenced or constrained by environmental issues such as water quality,
fishery interests and others.
2. Small outfalls (up to 5 mgd) can be designed based on existing informa—
tion and usually require very little field study. Generally, because
they have little impact on water quality (assuming secondary treatment
and P-removal).
3. Water intakes and major outfalls require rigorOus environmental assess—
ment. The proponents of such works will undertake these studies of local
water use interactions and fill, as much as possible, all gaps of
knowledge required to define these interactions.
These large projects
are economically equipped to perform such studies.
4.
The small number of new major intakes and outfalls and the fact that the
environmental components potentially affected by such projects undergo
rigorous assessment would seem to negate the need for environmental
mapping along the entire Great Lakes shoreline.
5.
Administrative procedures and legal requirements leading to comprehen-
sive assessment of the impact on environmental values should be around
the Great Lakes.
6.
In general,
the necessity required for environmental value mapping will
have to be evaluated very carefully. Unquestionably, it would be useful
to have such maps.
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An environmental mapping program therefore, must be developed with the
requirements of the industry, regulatory agencies and the public in mind.
Under the Environmental Assessment Act the public is to be involved in the
site selection process and therefore must be able to use the data and make
comments on whether the site selection process is proceeding in an acceptable
manner.
INTAKE OF PROCESS AND COOLING WATER
From a strictly operational point of View, an industry using Great Lakes
water for processing or for cooling requires a reliable, ample supply which
is not subject to wide variations in the water quality parameters of concern
to the specific industry. The water intake should be located where intake of
excessive numbers of fish and debris is low, so that screening problems do
not occur. It should be located where intake of ice is no problem and where
local currents do not cause interference with neighboring or its own operations.
Environmental aspects of intakes which industry may have to consider for
satisfying the regulatory agencies include entrainment and impingement
effects, nutrient recycling, interference with local currents, and with
development and maintenance of the natural thermocline.
DISCHARGE OF WATER
The only strictly operational concern which industry has with respect to
water discharge is that it should not interfere with its own intake of water.
This concern translates into a need to locate the discharge so that dispersion
or assimilation is adequate to avoid buildupof effluents in the receiving
body.
Environmentally, discharges must meet water quality guidelines and
criteria for the various uses to which the water is being put in the area. In
those industries which are subject to the provisions of the Environmental
Assessment Act, the effects of the discharge on local water chemistry and
biology at each of the potential sites have to be assessed and compared
during site selection (2). For example, in the siting of a power plant,
Ontario Hydro compares existing water quality, wind and current directions,
temperature changes and depths, fish populations and spawning activity,
benthos and plankton distribution, recreational uses of the water, and
location of local intakes and discharges. The level of detail at the site
selection stage has to be such that differences between sites can be assessed
and rated. This comparison forms part of the Site Selection Environmental
Assessment under the Environmental Assessment Act.
At the project approval stage, more detailed information on these
aspects is acquired by Ontario Hydro following at least a year's on—site
studies. Usually two or three years of hydrological data are assembled to
provide information for design and location of the discharge and to develop
34
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Hydrology
Water Chemistry
 
TABLE 1
DATA REQUIRED FOR MAPS
Data Required
Reason
Subaqueous contours at approximately
2 m intervals up to a distance offshore
Where depths reach approximately 15 m.
Nature of bottom sediments, sedimen—
tation rates and depth overburden.
Speed, direction and frequency of
nearshore currents by season at
surface and at depth, and compli—
mentary wind information. Mean
values for at least 3 years. Near-
shore temperature profiles by
continuous monitoring at various
depths. Mean values for at least
5 years. Extent and timing of
thermal bar development.
Development patterns of ice, depth,
extent, time of appearance and
disappearance.
Dissolved solids and ash, suspended
solids and ash, BOD, TOC, COD, pH,
Secchi disc, specific conductivity,
D.O., hardness, alkalinity, colour,
turbidity.
Nutrients, — total phosphate, ortho—
phosphate, nitrate nitrogen, ammonia
nitrogen, Kjeldahl nitrogen, manganese,
iron and silica.
36
Location and design
of intake structure.
Comparison of con-
struction costs.
For decision on
whether tunnel or
'cut and cover'.
Estimate of relative
environmental impacts
due to siltation.
Comparison of con-
struction costs.
Prediction of disper—
sion of effluents to
avoid recirculation
and to satisfy envir—
onmental requirements
for definition of
affected areas.
Relative locations of
intake and outfall.
Location and design
of intake structure.
Boiler water feed
treatment.
Environmental assess—
ment of effects of
discharges on quality
of water, algal bloom
productivity, fish
toxicity.
 
Biology
Fish
Benthos
Plankton
Aquatic
Macrophytes
Littoral
Zone
 
TABLE 1 (CONT’D)
Trace Metals — Cu, Pb, Se, Zn, Hg,
Cd, As, Cr.
Species, populations, and seasonal
offshore distribution.
Location and extent of present and
historical spawning beds.
Location of major migratory routes.
Sports fishery — Species, value,
creel census.
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Pattern of deposition on shoreline.
Delineation of area offshore which
may be biologically influenced by
discharge.
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Environmental assess-
ment of possible
effects of thermal
and other discharges.
Possible entrainment
and impingement.
Possible effects of
thermal and other
discharges.
Operational intake
problems.
 
  
reliability, system planning, and proximity to fuel supplies. Therefore, the
relative weight of aquatic concerns in the overall decision—making process
may be quite small. Even large measured differences in the biological
characteristics of potential sites may not be certain to influence one site
against the other in a site comparison. For example, in the site selection
process for an energy centre on the North Channel of Lake Huron the Site
Selection Environmental Assessment considers 18 main factors of which 8 are
concerned with water.
An adequate mapping system must recognize the long lead time in develop-
ment of a large industrial project. For example, a nuclear generating station
takes 13 years from establishment of the need for the generation to the time
the station is operational. Therefore, data must be kept up-to-date.
To meet the needs of the Environmental Assessment Act in Ontario and the
safety requirements for nuclear stations of the Federal Atomic Energy Control
Board, the data must be of such quality and detail to describe the construc—
tional and operational aspects of the project.
Some design features of a project may require the use of long term
or historical data, e.g. water temperatures, currents, location of spawning
grounds. Where the design features of a station may have environmental
implications, these long term data have to be provided in the Environmental
Assessment for regulatory agency approval of a specific project on an
acquired site.
Environmental data mapping should be such that industry could schedule
its activities in the sure knowledge that the data would be acceptable to
the regulatory agency or agencies and the public. If only a small piece
of information were missing, there could be a severe time penalty to
industry in having to acquire the information.
Industry often uses a number of external and internal groups for its
environmental data assembly. The proposed environmental mapping would have
to include a method of coordinating and interpretation of different data
sources.
Some industrial concerns have large staffs for acquiring and presenting
the information it needs for design and for satisfying the various environ-
mental and public concerns. The proposed system would either have to
guarantee industry that these data acquisition facilities are no longer
required or that they can contribute to the proposed environmental mapping
program.
38
  
CONCLUSIONS
An environmental mapping program would have to recognize the specific
needs of many types of industry. Environmental and non-environmental
aspects of siting and project development have to be considered. It seems
unlikely that the scope of such a monitoring program could help to reduce
the time spent by industry in seeking approval of sites and for approval
of a particular project on an acquired site. There may be a benefit to
industry if lake environmental data mapping reduces the cost of its OWn
data acquisition programs.
Interpretation of basic data should be part of the program so that
effects of industrial emmissions on a particular area of the water body
can be readily assessed.
The long term nature of some of the required data w0uld mean that
industry would have to have some assurance that the program was an ongoing
one. The method of data acquisition and presentation w0uld have to be
agreed to at the beginning and not changed materially from year to year.
The regulatory agencies would have to be satisfied that the data was
adequate if industry was planning to depend on such a program for presenta-
tion of lake environmental data as a basis for approval.
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INTRODUCTION
In implementing the Operation Preparedness Programme it became apparent
that the Sensitivity Area Inventory should not be limited to the Detroit-St.
Clair River Basin. During discussions with representatives from the Ontario
Ministry of Natural Resources (MNR), the Ministry of the Environment (MOE)
and the Canadian Wildlife Service it was agreed to develop an inventory for
the entire Great Lakes Basins. The Programme was implemented in 3 phases:
(1) Lower Great Lakes in November 1974.
(2) Upper Great Lakes and the Ottawa River in January 1976.
(3) St. Lawrence River in September 1976.
PURPOSE
The purpose of the programme was two-fold. The inventory w0uld assist
in identifying "high risk" areas and assist operation staff within the
regulatory agencies during spill incidents to become aware of potential
environmental problems and identify local expertise to advise on the sensi-
tivity of a threatened area.
PRESENTATION OF MATERIAL
During the early discussions it was agreed to develop a sensitivity
rating scheme with respect to seasonal variation and high use capability for
wildlife or recreation.
The mapping system consistsof a mylar overlay on 1 to 50,000 or 1 to
250,000 scale National Topographic Series maps. The difference between the
two scales used was dependent on the amount of information available for a
specific area. The detail on the mylar is presented schematically to identify
the following parameters:
(1) Location of stopovers, feeding and nesting sites of
water related birds such as herons, osprey or water-
fowl.
(2)
Migration routes and spawning areas of sport fish.
(3) Areas of commercial fishing.
 
(4) Habitats of water based mammals such as beaver or
muskrat.
(5) Unique vegetation.
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 (6) Important recreational areas for boating, swimming
and cottage development.
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Industrial Intake
Oil Industry [:]}iFgU Municipal Intake
:1 Hazardous Material Industry
 
Pulp and Paper Industry (:) Private Intake
Mine Tailings
TEXT
Each map has an accompanying text description which is divided into three
sections. These include:
(I) Sensitive Areas
(2) Water Users
(3) Industrial Activities
The site number or letter, the source of information, the geographic
location and latitude and longitude and a description is provided for each
site. In addition the name of the water user and a 24 hour contact name and
telephone number is included for water intakes, and the company name, the
type and size of operation, and a list of hazardous materials in included for
industrial sites.
There are also two appendices which cover the currents and prevailing
winds for lakes Ontario and Erie. A list of hazardous materials in order of
potential danger to an aquatic environment.
INFORMATION SOLRCES
The majority of the information was obtained through written material or
interviews with representatives from MNR, MOE, Canadian Wildlife Service,
Parks Canada and the Conservation Authorities. The following information was
obtained:
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ABSTRACT OF PRESENTATION
Maps are used extensively as a tool for analyzing data, combining data
and as a medium for education and presenting data. One major aspect of the
monitoring program is to develop a computerized system which will system-
atically produce large numbers of maps displaying data in many different ways.
Although maps are of great value, no map is any better than the data base
used to generate that map. If that data base is inaccurate or incomplete the
resulting map can be dangerously misleading. Any map that is to be used for
environmental decision—making must be accurate and complete or it can easily
lead to unfortunate decisions.
Virtually any kind of map which presents information that is useful in
understanding or describing the environment is of interest to monitoring and
surveillance programs. Of particular interest at this time would be a series
of maps showing legally defined mixing zones. This would be most useful in
designing monitoring programs to support enforcement. Maps defining the
development and location of thermal basis and thermoclines would be useful.
Such mapswould have to be time variable.
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The approach of the U.S. Congress was, in Public Law 92—500, to provide
such a far reaching goal for water pollution control in the United States
that limitations for industries and municipalities could be established on
the basis of available treatment technology. One of the important purposes
was to reduce the necessity for pollution control agencies to waste their
resources in time consuming arguments with discharges about pollution dis-
charges which could readily be abated. The legislation went into effect in
1972; since then a National Permit System, theNPDES System, has come into
being and a great deal of abatement is taking place.
I could dwellon the good news about the application of effluent guide-
lines but there is also some bad news. The effluent guidelines which have
been developed are not all they could be. Some guidelines have yielded
limits which are not strong enough to clean up Great Lakes tributary areas.
Other guidelines, e.g. for steel, organic chemicals, and power plants have
been poorly received by courts and have lost much of their intended effect.
The result is that permits in large numbers still have to be developed on the
basis of water quality standards. More specifically for this discussion,
mixing zones, no matter how vexing, are still an important part of the
regulatory process.
In the United States, each state establishes water quality limits for
various parameters and also a mixing zone formula or approach. These limits
must be met at the edge of the specified mixing zone. To the extent that the
formula or approach is well specified in state standards, the permit process
becomes relatively straightforward, although the technical difficulties of
plume modeling, etc. may be substantial. If the mixing zone approach is
simply that the permiting agency will establish the mixing zone on a case by
case basis then the agencies have to do battle with the discharger and bear a
burden of proof for the mixing zone determination every time.
The moral is that the biological value approach, in its application to
mixing zones, will be much moreefficient if it can be applied before water
quality standards are adopted rather than after. This is not an easy task.
If the approach is to be based on a 4 to 8% use of biological value or
something similar, as suggested in the committee report, the percentage will
have to be justified in part on social grounds and will have to have public
approval much as the thousand foot zone apparently did. Such justification
ought to take place in a statewide forum such as a water quality standards
hearing and would profit from environmental maps that would inform the public
of the significance of this determination.
We are being asked to speculate on the kinds of maps we'd like to see
developed, the appropriate parameters for these maps, etc. I would emphasize
pilot projects in a few select areas of the Great Lakes for which maps of
various kinds would be drawn and biological value systems established. The
value systems could be tested for public reaction by opinion surveys. If
some agency will permit it, they could also be tested in the crucible of a
public hearing or adversary proceeding. The States are now in a thorough
going water quality standards revision process and will go through another
such process in three years.
One or the other of these revisions might offer
a useful opportunity to test biological value methods.
The EPA Enforcement
Program is certainly looking for opportunities to use biological value methods
in strengthening cases against pollution discharges, assessing impact of
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tu
re
ev
en
ts
.
Ma
na
ge
rs
wi
th
a
bi
as
to
wa
rd
s
ho
li
st
ic
mo
de
ls
re
ly
ab
ou
t
eq
ua
ll
y
on
st
ru
ct
ur
al
an
d
pr
oc
es
s
in
fo
rm
at
io
n
on
wh
ic
h
to
ba
se
ex
pe
ri
—
me
nt
al
ma
na
ge
me
nt
,
—
al
so
to
ju
dg
e
th
e
ef
fi
ca
cy
of
an
ov
er
al
l
ma
na
ge
me
nt
pl
an
as
we
ll
as
th
at
of
va
ri
ou
s
co
mp
on
en
t
re
gu
la
ti
on
s
an
d
pr
ot
oc
ol
s.
 
Fr
om
th
e
pe
rs
pe
ct
iv
e
sk
et
ch
ed
ab
ov
e
it
se
em
s
th
at
"e
nv
ir
on
me
nt
al
va
lu
e
ma
pp
in
g"
co
ul
d
co
nt
ri
bu
te
to
a
ma
jo
r
ad
va
nc
e
in
th
e
ma
pp
in
g
co
mp
on
en
t
of
th
e
ec
ol
og
ic
al
in
fo
rm
at
io
n
sy
st
em
co
nc
er
ni
ng
th
e
Gr
ea
t
La
ke
s.
Th
e
se
le
ct
io
n
of
ec
os
ys
te
m
pr
op
er
ti
es
to
be
ma
pp
ed
sh
ou
ld
de
pe
nd
in
pa
rt
on
wh
at
is
al
re
ad
y
be
in
g
mo
ni
to
re
d
an
d
mo
de
ll
ed
,
in
pa
rt
on
in
fo
rm
ed
sc
ie
nt
if
ic
gu
es
se
s,
an
d
in
pa
rt
on
th
e
pe
rs
on
al
va
lu
es
of
pe
rc
ep
ti
ve
ec
ol
og
is
ts
.
To
th
e
ex
te
nt
th
at
th
e
in
fo
rm
at
io
n
ne
ed
s
of
ma
na
ge
rs
of
th
e
fu
tu
re
ca
n
be
fo
re
se
en
,
th
ei
r
ne
ed
s
sh
ou
ld
al
so
be
ta
ke
n
in
to
ac
co
un
t.
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 W
W
W
2
I'IIEVIIIIIS ENVIIIIINMHHM
MAPPINE [HIIIII
Env
iro
nme
nta
l
map
s
hav
e b
een
dev
elo
ped
in
bot
h N
ort
h A
mer
ica
and
Eur
ope
for
a v
ari
ety
of
pur
pos
es.
Sel
ect
ed
spe
ake
rs
wer
e
inv
ite
d
to
dis
cus
s
the
ir
inv
olv
eme
nt
in
the
se
pre
vio
us
map
pin
g
eff
ort
s:
Why
was
the
map
pin
g
eff
ort
pe
rf
or
me
d?
Ho
w
wa
s
it
ac
co
mp
li
sh
ed
?
Wh
at
pi
tf
al
ls
we
re
en
co
un
te
re
d?
Ho
w
ha
ve
th
e
in
fo
rm
at
io
n
an
d
ma
ps
be
en
us
ed
?
An
d
in
re
tr
os
pe
ct
,
wh
at
mo
di
fi
ca
ti
on
s
should have been made?
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CHESAPEAKE BAY AND THE POTOMAC RIVER
L. E. Cronin
University of Maryland
Cambridge, Maryland
and
A. J. Lippson
Martin Marietta Corporation
Baltimore, Maryland
Two extensive environmental mapping efforts have been undertaken in the
Ches
apea
ke B
ay r
egio
n.
They
diff
er s
ubst
anti
ally
, b
ut e
ach
cont
ains
less
ons
in t
he h
igh
valu
e of
such
summ
arie
s, i
n te
chni
ques
whic
h ar
e us
eful
and
in
pitf
alls
whic
h sh
ould
be a
void
ed.
The
firs
t wa
s in
corp
orat
ed i
n a
book
"The
Ches
apea
ke B
ay i
n Ma
ryla
nd
—— a
n At
las
of N
atur
al R
esou
rces
" pu
blis
hed
1973
.
The
seco
nd w
ill
be p
ubli
shed
in 1
977,
as a
book
titl
ed,
tent
ativ
ely,
"Env
iron
—
ment
al A
tlas
of t
he P
otom
ac R
iver
Estu
ary"
.
For
each
, we
pres
ent
a br
ief
just
ific
atio
n,
the
conc
ept
of t
he v
olum
e,
cost
esti
mate
s,
anti
cipa
ted
or
obse
rved
uses
, a
nd n
otes
on m
odif
icat
ions
whic
h we
wish
had
been
made
.
Con-
clus
ions
and
reco
mmen
dati
ons
from
our
expe
rien
ce i
n en
viro
nmen
tal
mapp
ing
are
then detailed.
THE MARYLAND ATLAS
In
196
9,
the
Sta
te
of
Mar
yla
nd
dec
ide
d t
o a
sse
mbl
e t
he
"Ma
ryl
and
Che
sap
eak
e
Bay
Stud
y" w
hich
woul
d de
scri
be t
he M
aryl
and
port
ion
of t
he C
hesa
peak
e Ba
y
syst
em
(app
roxi
mate
ly h
alf
of t
he 4
400
squa
re m
iles
of t
he e
stua
ry),
grap
hica
lly
pres
ent
data
of t
he t
ype
whic
h Ia
n Mc
Harg
has
used
for
regi
onal
plan
ning
(geo
logy
,
clim
ate,
biot
a,
cult
ure,
haza
rds,
suit
abil
itie
s,
high
ways
, e
nerg
y pa
tter
ns a
nd
vari
ous
comp
osit
es);
iden
tify
the
prob
lems
of t
he r
egio
n an
d su
gges
t al
tern
a—
tive
s fo
r ef
fect
ive
appr
oach
to b
alan
cing
uses
; a
nd d
evel
op a
comp
rehe
nsiv
e
plan for the future.
In
the
cou
rse
of
ass
emb
lin
g d
ata
on
the
liv
ing
com
pon
ent
s o
f t
he
Mar
yla
nd
port
ion
of t
he B
ay a
nd i
ts t
ribu
tari
es,
it b
ecam
e pa
infu
lly
obvi
ous
that
gra
phi
c s
umm
ari
es
did
not
exi
st
for
mos
t o
f t
he
bio
tic
res
our
ces
of
the
Bay.
Char
ts w
ere
avai
labl
e on
ly f
or o
yste
r be
ds
(as
plot
ted
crud
ely
in 1
906-
12)
and
for the principal spawning grounds of striped bass. When these maps were
inc
lud
ed
in
the
ori
gin
al
dra
ft
of
the
Stu
dy,
thei
mpr
ess
ion
was
giv
en
tha
t
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only these areas had resource values and that all of the rest of the Bay system,
perhaps 65%, was not of use —- and available for waste disposal or other
potentially destructive usage. The Chesapeake Biological Laboratory responded
by promptly assembling some of the considerable knowledge held, but not always
published, by experts on various resources. New maps were madewhich provided
reasonable balance in the since published Study.
We learned from this experience that reliable resource—mapping should
be made available to decision-makers to avoid ignorant destructive decisions.
We made a commitment, without any potential for funding or very clear concept
of the audience available, to develop and publish a one—volume atlas. The
following procedures were followed:
1. Editors and authors — A single editor, with much assistance, selected
the geographic scope, the environmental parameters to be presented
(depths, tides, currents, sediments and salinity) and the biological
species or groups to be included.
2. Format - For each subject, information is presented on the left page,
written accurately in semi—popular language by one or more experts.
The text is embellished with useful and attractive drawings and diagrams.
0n the facing page is a map of the distribution of the resource or topic
in Maryland's Chesapeake Bay. Drawings include spawning areas, migration
routes, sites of seasonal concentration and as much more as could be
presented in color, clearly and without confusing an intelligent interested
user. A bibliography of principal references is included.
3. Printing and publication - Eventually, the John Hopkins University Press
was chosen as publisher. This press provided excellence in design and
production and arranged effectively for both promotion and distribution.
They recommended use of both hard-back and soft—back versions, and printed
18,000 copies. Sales to date are about 3,000 hard and 11,000 soft-back
books.
Costs have not been fully accounted, since the Editor and contributing
authors were not separately compensated for work on this project. We estimate
that 1.5 man years of editorial work, 1 man year of expert preparation and .5
year of technical assistance, with a total direct cost of about $25,000, were
required to prepare the manuscript for transmission to the publisher. It is
assumed that publication costs have beenmore than covered byprofit from
sales of the Atlas. One and one—half years were utilized in preparation, one
in publication.
PITFALLS
The pitfall most obvious to us is that of using amateur cartographers
rather than professionals. As in every other field, the expert is likely to
be best, most efficient and, ultimately, least expensive.
 USES
Us
es
ha
ve
pl
ea
sa
nt
ly
su
rp
ri
se
d
ev
en
th
os
e
of
us
wh
o
we
re
en
th
us
ia
st
ic
fr
om
th
e
be
gi
nn
in
g.
Th
ey
in
cl
ud
e:
1. Zoning
Th
e
Ch
es
ap
ea
ke
Ba
y
Sy
st
em
ha
s
no
t
be
en
fo
rm
al
ly
zo
ne
d
fo
r
va
ri
ou
s
us
es
,
bu
t
ma
ny
lo
ca
l,
st
at
e,
re
gi
on
al
an
d
fe
de
ra
l
ag
en
ci
es
ha
ve
ma
de
di
re
ct
us
e
of
th
e
At
la
s
in
se
le
ct
in
g
ar
ea
s
to
av
oi
d
or
fa
vo
r
fo
r
va
ri
ou
s
po
ss
ib
le
us
es
.
2.
Po
we
r
Pl
an
t
Si
ti
ng
an
d
Re
la
te
d
Re
se
ar
ch
Th
e
Ma
ry
la
nd
Po
we
r
Pl
an
t
Si
ti
ng
Ac
t
re
qu
ir
es
de
ta
il
ed
as
se
ss
me
nt
of
al
l
pr
op
os
ed
si
te
s
of
ne
w
el
ec
tr
ic
al
ge
ne
ra
ti
ng
fa
ci
li
ti
es
.
Th
e
At
la
s
is
a
pr
im
ar
y
re
fe
re
nc
e
in
ch
oo
si
ng
si
te
s,
in
su
gg
es
ti
ng
th
e
pr
in
ci
pa
l
sp
ec
ie
s
an
d
st
ag
es
pr
es
en
t,
an
d
in
re
se
ar
ch
de
si
gn
of
fi
el
d
su
rv
ey
s
fo
r
pr
e—
de
ci
si
on
as
se
ss
me
nt
an
d
pa
ra
—
or
po
st
—c
on
st
ru
ct
io
n
mo
ni
to
ri
ng
.
3. Research Design
In
ve
st
ig
at
io
n
of
th
e
ge
ne
ra
l
ec
ol
og
y
of
th
e
Ba
y
sy
st
em
,
of
th
e
va
lu
ab
le
fi
sh
er
ie
s
re
sc
ur
ce
s,
of
th
e
ef
fe
ct
s
of
po
ll
ut
an
ts
or
en
vi
ro
nm
en
ta
l
al
te
ra
ti
on
s
an
d
of
th
e
fu
nd
am
en
ta
l
pr
oc
es
se
s
of
th
is
co
mp
le
x
es
tu
ar
in
e
sy
st
em
al
l
dr
aw
he
av
il
y
an
d
fr
eq
ue
nt
ly
fr
om
th
e
At
la
s
in
de
si
gn
in
g,
co
nd
uc
ti
ng
an
d
in
te
rp
re
ti
ng
research.
4.
Pr
ep
ar
at
io
n
an
d
In
te
rp
re
ta
ti
on
of
En
vi
ro
nm
en
ta
l
Im
pa
ct
St
at
em
en
t
(E
IS
)
EI
S'
s
ar
e
re
qu
ir
ed
by
bo
th
st
at
e
an
d
fe
de
ra
l
la
w.
Th
e
At
la
s
ha
s
be
co
me
a
pr
im
ar
y
re
fe
re
nc
e
in
bo
th
th
e
de
ve
lo
pm
en
t
of
su
ch
st
at
em
en
ts
an
d
th
ei
r
review and assessment.
5.
Id
en
ti
fi
ca
ti
on
of
In
fo
rm
at
io
n
Ga
ps
Ar
ea
s
wh
er
e
th
er
e
is
li
tt
le
or
no
in
fo
rm
at
io
n
av
ai
la
bl
e
ar
e
tr
ul
y
ex
po
se
d
in
a
ma
pp
in
g
pr
oc
es
s.
As
th
e
At
la
s
wa
s
co
mp
il
ed
it
be
ca
me
ob
vi
ou
s
wh
er
e
in
ad
eq
ua
ci
es
pr
ev
ai
le
d.
Fo
r
ex
am
pl
e,
it
be
ca
me
ev
id
en
t
th
at
li
tt
le
wa
s
kn
ow
n
ab
ou
t
su
bm
er
ge
d
aq
ua
ti
c
ve
ge
ta
ti
on
,
th
at
ma
pp
in
g
of
we
tl
an
ds
ha
d
pr
og
re
ss
ed
bu
t
wa
s
no
t
ye
t
ad
eq
ua
te
,
an
d
th
at
so
me
be
nt
hi
c
re
so
ur
ce
s
ch
an
ge
so
mu
ch
in
di
st
ri
bu
ti
on
an
d
ab
un
da
nc
e
as
to
be
di
ff
ic
ul
t
to
"m
ap
".
Wi
th
pu
bl
ic
at
io
n,
th
e
id
en
ti
fi
ca
ti
on
of
th
es
e
an
d
ot
he
r
ga
ps
ha
s
be
en
us
ef
ul
in
im
pr
ov
in
g
cu
rr
en
t
research.
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6. Public and Student Education
The Atlas has been adopted by a number of school systems as the principal
reference on the nature of the Chesapeake Bay in Maryland.
In addition,
popu—
lar lectures
and personal interest have drawn many citizens to the volume for
educational use.
7. On the Coffee Table
The attractive format and intelligible contents of the volume have placed
many copies where they are casually browsed and partially read.
We think that
this contribution to public appreciation is an important value.
MODIFICATIONS
Modifications which we wish had been possible, or which might enter a next
generation of environmental mapping, include:
1.
An environmental map should deal with an entire natural geographic unit.
The complete Chesapeake Bay is obviously more appropriate than a portion
of the system cut off at an arbitrary line such as a state border.
There
is some possibility that a more comprehensive and useful edition encompas—
sing the entire Chesapeake Bay System will be produced.
2.
Inclusion should
extendbeyond the biota -— although those resources fully
merit the effort.
More thorough geological description,
socio—economic
inputs,
description of changes over
time, and greater, but not confusing,
detail
about
tides,
currents,
sediments,
salinity
and other
physio-chemical
features
would
be valuable
for
both
technical
and
popular
usage.
THE POTOMAC ATLAS
Since
the
Potomac
estuary
is
already
used by
four
steam
electric
generating
plants,
and
large
additions have
been
proposed,
the
state
officials
responsible
for
the Maryland
Power
Plant
Siting
Program decided
that
a detailed
summary
of
environmental
features
and
uses would
be helpful
to
those who must
make
deci—
sions
in the
public
interest.
The
availability
of
the
Editor
of
the Maryland
Atlas
almost
certainly
favored
the
decision.
Several
aspects
differ
from
the
approach taken in the Maryland Atlas.
1.
Decision
— made by
a state
agency,
a user
group,
to
improve
its
abilities.
2.
Scope
-
decided
by
a
contractor
responsible,
essentially,
to
a
committee.
62
3. Development - the Editor assembled pertinent data from the literature,
unpublished reports and all available data banks with emphasis on quanti—
tative mapping whenever possible.
4. Format - 9 large—scale (l:250,000) maps of culture, major users (power
plants and sewage treatment plants), and the principal environmental and
resource features are presented. These major reference sheets will be
inserted in a pocket in the back of the book. Twenty—nine page—size
maps at l:500,000 are bound within the book to illustrate a wide spectrum
of subjects fromindividual species seasonal distribution to water quality
conditions and physical circumstances. Approximately 80 small maps show
details of qualitative distribution for fish eggs and larvae, monthly
average water temperatures and salinity regimes, and tidal amplitudes.
Numerous drawings, graphs and diagrams are incorporated into the text.
Although graphic displays are a primary tool, the written material is of
equal importanceand will make up about 2/3 of the volume. It is here
that basic concepts, interpretations and the inter-relationships of
elements in the estuarine system are described and discussed.
COSTS
 
Cos
ts
can
be
est
ima
ted
.
Abo
ut
5 m
an
yea
rs
hav
e b
een
nee
ded
ove
r a
per
iod
of
2-1
/2
yea
rs
to
com
ple
te
the
pro
jec
t t
o t
his
poi
nt
whe
re
it
is
rea
dy
for
the
pri
nte
r.
In
tot
al
$15
0,0
00
wil
l b
e r
equ
ire
d t
o r
ese
arc
h,
com
pil
e,
des
ign
,
print and distribute 3,000 copies.
PITFALLS
Pit
fal
ls
hav
e b
een
dis
cov
ere
d,
as
alw
ays
.
Sta
ffi
ng
was
sma
ll
and
unr
eal
is—
tic
est
ima
tes
wer
e m
ade
of
the
wor
k r
equ
ire
d t
o l
oca
te,
obt
ain
and
arr
ang
e
inf
orm
ati
on.
Som
e o
f t
he
ava
ila
ble
dat
a t
urn
ed
out
to
be
muc
h w
eak
er
tha
n
ass
ume
d.
The
uni
ver
sal
map
pin
g p
rob
lem
s i
nvo
lve
d i
n e
xtr
apo
lat
ing
, i
nte
rpo
lat
ing
and
pla
cin
g e
dge
s o
n e
sti
mat
es
of
dis
tri
but
ion
and
abu
nda
nce
are
eve
n m
ore
ser
iou
s
when quantifications are attempted.
USES
Us
es
al
re
ad
y
se
rv
ed
pr
io
r
to
pu
bl
ic
at
io
ns
an
d
th
os
e
an
ti
ci
pa
te
d
ap
pe
ar
to more than justify the project:
1.
Man
y
dec
isi
ons
rel
ati
ng
to
the
sit
ing
,
siz
ing
and
man
age
men
t
of
pow
er
pl
an
ts
ha
ve
al
re
ad
y
dr
aw
n
up
on
th
e
in
fo
rm
at
io
n
as
se
mb
le
d.
It
is
cl
ea
r
th
at
th
e
su
mm
ar
y
wi
ll
ha
ve
lo
ng
te
rm
va
lu
e
fo
r
th
is
pu
rp
os
e
an
d
he
lp
pr
es
er
ve
im
po
rt
an
t
re
so
ur
ce
fe
at
ur
es
.
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Industrial and municipal users and governmental agencies related to those
users have been aided and will be assisted by access to comprehensive
information.
Environmental Impact Statement preparation has produced an almost incessant
demand
for
assistance
from
the
project.
Design,
conduct
and
interpretation
of research
are
certain
to
be improved
because
of
the
availability
of
the
Potomac
Atlas.
Estuarine
concepts
on materials
and processes
have been
more
clearly
understood
and more
effectively
communicated
as a direct
result
of this
"mapping"
effort.
Migration,
seasonal
sequences
in
environmental
condi—
tions
and
the
simultaneous
appearance
(and probable
interaction)
of
various
organisms
have been
clarified,
with
development
of
new
ideas
and
suggestions.
Environmental mapping
has been
stimulated.
Inquires
from a wide
group
of
planners,
environmental
groups
and
management
agencies
indicates
that
successful
mapping
has
created
fresh
interest.
MODIFICATION
The principal modification desired in this project would be that of greater
inclusion
of
the socio-economic
impacts
of
the
estuarine
portion
of
the
Potomac.
Available
time and
funding
did
not
permit
accumulation
and
presentation
of
all
of those data.
SUMMARY AND RECOMMENDATIONS
1. We
strongly
recommend environmental
mapping
and
urge
the
use
of
these
characteristics:
a.
Apply mapping to a complete natural system.
b.
Include
the
primary characteristics
of
the
system -—
the
geology,
hydrology, climate and special features.
c.
Provide
excellent
and
intensive
biological
coverage,
since
the
biological
features
are
both
valuable
as
resources
and
exceptionally
useful
as
indicators
of
the
"health"
of
the
system.
d.
Develop
the
best
graphic
display
of
processes
possible,
using
color
extensively
for
maps
and
other
material.
2. We further suggest:
a.
h.
Include principal cultural features which affect or may affect the
system.
Guide users to additional sources, including data, reports, discus—
sions and people.
Place honest and effective emphasis on the weaknesses of the data,
relevance of presentations to changes over time and other proper
sources of limitations in use.
Def
ine
obj
ect
ive
s f
ull
y a
nd
spe
cif
ica
lly
-—
but
sta
y l
oos
e s
o a
s t
o
permit change with learning.
Emp
has
ize
exc
ell
enc
e —
— i
n d
ata
, i
n t
he
use
of
col
or
for
ill
ust
rat
ion
,
and
in
the
inv
olv
eme
nt
of
pro
fes
sio
nal
bio
log
ist
s,
geo
log
ist
s,
ant
hro
—
pol
ogi
sts
,
car
tog
rap
her
s
or
oth
ers
wit
h e
xce
pti
ona
l
kno
wle
dge
.
 
Emp
loy
ava
ila
ble
bas
e m
aps
sam
e a
s t
hos
e a
vai
lab
le
fro
m t
he
U.S
.
Geo
log
ica
l S
urv
ey
—-
don
't
inv
ent
new
one
s i
nco
mpa
tib
le
wit
h s
tan
dar
d
references.
 
Us
e
th
e
co
nc
ep
t
of
"b
es
t
av
ai
la
bl
e
da
ta
"
at
a
de
fi
ne
d
pe
ri
od
of
tim
e.
Ma
ke
th
e
te
xt
vi
go
ro
us
an
d
un
de
rs
ta
nd
ab
le
.
De
ve
lo
p
ex
ce
ll
en
t
vi
su
al
pr
es
en
ta
ti
on
s
wh
en
ev
er
th
ey
ar
e
po
ss
ib
le
an
d
can be accurate.
Li
nk
da
ta
su
mm
ar
ie
s
to
co
mp
ut
er
sy
st
em
s
to
pe
rm
it
fu
tu
re
up
—d
at
in
g.
Co
ns
id
er
pa
ra
ll
el
de
ve
lo
pm
en
t
of
bo
th
po
pu
la
r
an
d
te
ch
ni
ca
l
ve
rs
io
ns
.
In
ou
r
ex
pe
ri
en
ce
fo
r
es
tu
ar
in
e
ar
ea
s
of
Ma
ry
la
nd
,
en
vi
ro
nm
en
ta
l
ma
pp
in
g
is of extraordinary value.
Th
e
ef
fo
rt
fa
ce
s
ma
ny
di
ff
ic
ul
ti
es
an
d
so
me
ri
sk
s.
Th
e
us
es
,
ho
we
ve
r,
ar
e
va
ri
ed
,
im
po
rt
an
t,
in
ti
ma
te
ly
re
la
te
d
to
go
od
go
ve
rn
me
nt
an
d
ci
ti
ze
ns
'
ap
pr
ec
ia
ti
on
,
an
d
li
ke
ly
to
in
cl
ud
e
si
gn
if
ic
an
t
va
lu
es
wh
ic
h
ha
ve
not been anticipated.
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AN OVERVIEW OF ESTUARINE INVENTORY EFFORTS
IN THE NORTHERN GULF OF MEXICO
R. A. Diener
Bureau of Land Management
U.S. Department of the Interior
Vale, Oregon
INTRODUCTION
The
nor
the
rn
Gul
f o
f M
exi
co
is
a b
roa
d a
rc
of
app
rox
ima
tel
y 1
,57
0 m
ile
s
(2,
530
km.
)
ext
end
ing
fro
m t
he
Flo
rid
a
Key
s
to
the
Rio
Gra
nde
bet
wee
n
Tex
as
and
Tam
aul
ipa
s,
Mex
ico
.
Thr
oug
hou
t
its
muc
h
emb
aye
d
len
gth
,
thi
s
coa
st
pas
ses
thr
oug
h
a
ser
ies
of
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at
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nutri
ent
mater
ials
which
not o
nly e
nrich
the e
stuar
ies
but
the a
djace
nt o
ceani
c
habi
tats
as w
ell.
Detr
itus
and
raw
nutr
ient
s ar
e th
e bu
ildi
ng b
lock
s fo
r ma
ny
estuarine and marine food chains which are vital in the maintenance of sport
and commercial fisheries.
Unfortunately the estuaries of the Gulf coast — and elsewhere - are
decr
easi
ng i
n qu
alit
y an
d in
area
. M
any
auth
orit
ies
cons
ider
estu
arie
s to
be
among our most endangered natural habitats. Discussions of man's impacts upon
the estuarine environment have been presented by Diener (1964), Kutkuhn (1966),
Butler (1966, 1968), Smith (1966), Biglane and Lafleur (1967), Cronin (1967),
Marshall (1968), Wastler (1968), and many others. Basically, estuaries have
become dumping sites for waste products, either directly through domestic and
industrial discharges or indirectly by way of drainages of upland watersheds.
Estuarine areas have beensignificantly reduced by filling for real estate,
industrial parks and other developments. Spoil banks and stream flow reductions
have altered the salinity regime and natural current patterns in many estuaries.
Estuarine use is expected to increase with the continued growth of human
population along the nation's coastal areas. Many estuarine uses frequently
conflict and seem to be incompatible. The problems caused by use-conflicts and
by chemical and physical alterations have focused attention on estuarine resource
management. Problems associated with managing estuaries and approaches to their
solutions have been discussed by Schmidt (1966), Glenn (1966), Caufield (1966),
Underhill (1966), McHugh (1966), Lunz (1968), and others.
National, state and local legislation pertaining to the environment in
general and estuaries in particular which was enacted during the last fifteen
years attests to the growing public awareness of the need for prudent management
of the estuarine environment. One such law, the Estuarine Protection Act (16
U.S.C. 1221—1226) resulted in the voluminous report on estuaries of the United
States (U.S. Department of the Interior, 1970).
Coastal states have historically had the responsibility of managing their
estuarine resources. This responsibility has been stated or implied in many
state statutes. Frequently, legislation, public interest, and funds needed
to conduct research for a better understanding and wiser managementof estuaries
have beenlacking.
ESTUARINE RESEARCH FUNDING
The State Commercial Fisheries Research and Development Projects Act of
1965 (16 U.S.C. 779—779f) and Public Law 88—309 made states eligible to receive
matching funds to initiate and expand commercial fishery research within estu—
aries. Prior to the Act, few coastal states were involved in full-time
estuarine research. Funds that became available under P.L. 88-309 allowed the
states to initiate or expand their estuarine researchprograms. Such programs
includes the inventorying of estuarine resources.
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 PLANNING THE ESTUARINE INVENTORY PROJECT
The Gulf States Marine Fisheries Commission (Thomas, 1950) is a compact
comprised of the states of Alabama, Florida, Louisiana, Mississippi, and Texas
which has helped to promote estuarine research. The National Marine Fisheries
Service (NMFS) (formerly the Bureau of Commercial Fisheries, U.S. Department of
the Interior) under the National Oceanic and Atmospheric Administration, U.S.
Department of Commerce, cooperates with the research agencies of each member of
the compact.
In 1965, representatives of member states and of the NMFS recognized
the need for a cooperative Gulf of Mexico Estuarine Inventory (GMEI). The
Commission's Estuarine Technical Coordination Committee subsequently formulated
plans for an estuarine inventory project and these plans were approved May 15,
1967. Objectives and procedures were standardized to allow the data to be
comparable for inclusion in the GMEI by all participating agencies. The coopera—
tive inventory consisted of four phases: a physical area description of the
estuaries and the sedimentological, hydrological and biological surveys in the
estuaries of each state. The primary purpose of the GMEI was to document con-
ditions as they existed in the estuaries of the states and changes that were
taking place, and to provide historic records useful in detecting future trends
and changes in the estuarine environment.
Funding for the GMEI project for Alabama, Louisiana and Mississippi was
provided by P. L. 88-309 while the work for Texas and the west coast of Florida
was done by the Galveston, Texas, and St. Petersburg Beach, Florida, laboratories
of the National Marine Fisheries Service because these states had other commit-
ments for P. L. 88-309 funds.
PURPOSE OF THE INVENTORY
The primary objective of the area description phase was to describe the
significant physical and socio-economic features of estuaries in the five states.
In Texas, this was expanded to include pertinent biological, hydrological and
sedimentological properties of the estuaries due to a change in the Galveston,
Texas Laboratory priorities. Additionally it is hoped that this phase would
identify present and future problems in managing the coastal zones of the five
states and provide historic records by a review of the vast amount of published
literature, especially biological, that has accumulated in the past 100 years
so that future changes may be detected.
The hydrological, sedimentological and biological phases of the GMEI for
Alabama, Florida, LOuisiana and Mississippi were accomplished in the field
using standardized sampling procedures and the year 1968 as a time basis. The
data were anlayzed from computer format.
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 VEGETATION
Many descriptions of estuarine vegetative assemblages exist in the literature.
Different qualitative and quantitative procedures and formats are used. This
confusion holds true for upland plant zones as well. National and regional
descriptions were compared with state floral lists and the composition of major
plant communities verified from the ground andair.
GEOLOGY
There is a great deal of literature on geology of the Gulf coast and there
is no great disagreement in stratigraphy above the Miocene. The older formations
outcropped far to the north and west of the Texas coastal zone.
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s m
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th
at
p
u
b
l
i
s
h
e
d
b
y
M
a
y
(1
97
1)
.
POPULATIONS
Po
pu
la
ti
on
st
at
is
ti
cs
fo
r
th
e
en
ti
re
Gu
lf
co
as
t
is
av
ai
la
bl
e
fr
om
th
e
Bu
re
au
of
th
e
Ce
ns
us
,
U.
S.
De
pa
rt
me
nt
of
Co
mm
er
ce
.
Co
un
ty
(o
r
pa
ri
sh
in
Lo
ui
si
an
a)
hi
st
or
y,
es
pe
ci
al
ly
or
ga
ni
za
ti
on
al
hi
st
or
y,
sh
ou
ld
be
ta
ke
n
in
to
co
ns
id
er
at
io
n
wh
en
co
mp
il
in
g
hi
st
or
ic
al
tr
en
ds
as
th
es
e
da
ta
ar
e
af
fe
ct
ed
by
splits or mergers.
E
C
O
N
O
M
I
C
D
E
V
E
L
O
P
M
E
N
T
Da
ta
fr
om
th
e
Bu
re
au
of
th
e
Ce
ns
us
,
U.
S.
De
pa
rt
me
nt
of
Co
mm
er
ce
ar
e
un
if
or
m
an
d
eq
ua
ll
y
re
li
ab
le
fo
r
al
l
pa
rt
s
of
th
e
Gu
lf
co
as
t.
Bu
si
ne
ss
re
se
ar
ch
gr
ou
ps
su
ch
as
th
e
Un
iv
er
si
ty
of
Te
xa
s
ar
e
go
od
so
ur
ce
s
fo
r
fi
ll
in
g
in
fo
rm
at
io
na
l
ga
ps
in
th
e
da
ta
th
at
wo
ul
d
ot
he
rw
is
e
be
un
fi
ll
ed
.
So
me
di
sc
re
pa
nc
ie
s
we
re
no
te
d
wh
en
fe
de
ra
l
da
ta
we
re
co
mp
ar
ed
wi
th
lo
ca
l
da
ta
.
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 The
U.S.
Fish
and
Wild
life
Serv
ice
main
tain
s da
ta o
n sp
ort
fish
ing
and
hun
tin
g w
hil
e t
he
Nat
ion
al
Mar
ine
Fis
her
ies
Ser
vic
e m
oni
tor
s t
he
com
mer
cia
l
fis
her
ies
.
Ove
r
the
yea
rs,
all
of
thi
s d
ata
has
bee
n r
evi
sed
to
bec
ome
inc
rea
sin
gly
mor
e d
eta
ile
d a
nd
muc
h c
are
has
to
be
exe
rci
sed
if
mea
nin
gfu
l
res
ult
s
are
to
be
obt
ain
ed
for
lon
g
per
iod
s o
f
tim
e.
POLLUTION
Th
es
e
da
ta
ar
e,
un
fo
rt
un
at
el
y,
an
in
di
ca
ti
on
of
po
pu
la
ti
on
an
d
ec
on
om
ic
gr
ow
th
on
th
e
Gu
lf
co
as
t
as
we
ll
as
a m
ea
su
re
of
th
e
in
cr
ea
si
ng
am
ou
nt
of
st
re
ss
th
at
is
be
in
g
pl
ac
ed
on
th
e
es
tu
ar
in
e
ha
bi
ta
ts
.
Th
es
e
da
ta
ar
e
al
so
th
e
ha
rd
es
t
to
co
ll
ec
t
an
d
to
an
al
yz
e.
Da
ta
on
po
ll
ut
io
n
wa
s
se
pa
ra
te
ly
ob
ta
in
ed
fr
om
st
at
e
or
co
un
ty
of
fi
ci
al
s.
Th
e
Te
xa
s
Wa
te
r
Qu
al
it
y
Bo
ar
d
ha
d
co
mp
ut
er
pr
in
to
ut
s
wh
ic
h
fa
ci
li
ta
te
d
th
is
Wo
rk
wh
il
e
th
e
da
ta
ha
d
to
be
ob
ta
in
ed
fr
om
va
ri
ou
s
co
un
ty
an
d
lo
ca
l
of
fi
ci
al
s
in
Fl
or
id
a.
1.
Do
me
st
ic
po
ll
ut
io
n
—
Nu
me
ro
us
ga
ps
in
th
e
da
ta
we
re
ap
pa
re
nt
.
Da
ta
fo
r
so
me
pa
ra
me
te
rs
we
re
re
pr
es
en
te
d
by
a
si
ng
le
or
fe
w
re
ad
in
gs
at
ma
ny
tr
ea
tm
en
t
pl
an
ts
.
So
me
da
ta
we
re
la
ck
in
g
al
to
ge
th
er
al
th
ou
gh
th
e
tr
ea
tm
en
t
pl
an
t
wa
s
fu
ll
y
op
er
at
io
na
l.
In
ma
ny
ca
se
s
th
e
tr
ea
tm
en
t
pl
an
t
wa
s
re
co
rd
ed
as
wo
rk
-
in
g
at
ca
pa
ci
ty
ev
en
th
ou
gh
it
wa
s
ov
er
lo
ad
ed
.
2.
In
du
st
ri
al
po
ll
ut
io
n
-
Ag
ai
n,
th
e
sa
me
pr
ob
le
ms
th
at
we
re
ty
pi
ca
l
of
d
o
m
e
s
t
i
c
o
ut
f
a
l
l
s
wa
s
ty
pi
ca
l
of
in
du
st
ri
al
ou
tf
al
ls
.
3.
Ag
ri
cu
lt
ur
al
po
ll
ut
io
n
-
Th
is
it
em
wa
s
pe
rh
ap
s
th
e
mo
st
di
ff
ic
ul
t
to
ob
ta
in
.
So
me
da
ta
wa
s
ob
ta
in
ed
by
th
e
U.
S.
Ge
ol
og
ic
al
Su
rv
ey
at
sc
at
te
re
d
po
in
ts
wi
th
in
th
e
st
at
e
of
Te
xa
s,
bu
t
on
ly
a
fe
w
st
at
io
ns
we
re
ap
pl
ic
ab
le
to
th
e
ne
ed
s
of
th
e
in
ve
nt
or
y.
It
co
mp
le
me
nt
ed
da
ta
on
pe
st
ic
id
e
le
ve
ls
in
fi
sh
a
n
d
o
ys
t
e
r
ti
ss
ue
s
c
o
l
l
e
c
t
e
d
by
th
e
Te
xa
s
Pa
rk
s
an
d
W
i
l
d
l
i
f
e
D
e
p
a
r
t
m
e
n
t
f
r
o
m
v
a
r
i
o
u
s
e
s
t
u
a
r
i
e
s
.
C
o
l
i
f
o
r
m
c
o
u
n
t
s
w
a
s
t
h
e
o
n
l
y
p
a
r
a
m
e
t
e
r
m
a
p
p
e
d
u
n
d
e
r
t
h
i
s
h
e
a
d
i
n
g
.
T
h
e
s
e
d
a
t
a
a
r
e
m
a
i
n
t
a
i
n
e
d
b
y
t
h
e
T
e
x
a
s
H
e
a
l
t
h
D
e
p
a
r
t
m
e
n
t
fo
r
t
h
e
p
u
r
p
o
s
e
of
p
r
e
v
e
n
t
i
n
g
t
h
e
s
a
l
e
o
f
c
o
n
t
a
m
i
n
a
t
e
d
o
y
s
t
e
r
m
e
a
t
o
n
t
h
e
p
u
b
l
i
c
m
a
r
k
e
t
.
I
n
a
l
l
a
s
p
e
c
t
s
,
a
u
n
i
f
o
r
m
s
y
s
t
e
m
f
o
r
c
o
l
l
e
c
t
i
n
g
p
o
l
l
u
t
i
o
n
i
n
f
o
r
m
a
t
i
o
n
f
r
o
m
a
l
l
s
o
u
r
c
e
s
u
s
i
n
g
u
n
i
f
o
r
m
p
r
o
c
e
d
u
r
e
s
o
f
s
a
m
p
l
i
n
g
,
a
n
a
l
y
s
i
s
a
n
d
t
a
b
u
l
a
t
i
o
n
i
s
i
m
p
e
r
a
t
i
v
e
b
e
f
o
r
e
a
n
y
f
u
t
u
r
e
i
n
v
e
n
t
o
r
y
i
s
a
t
t
e
m
p
t
e
d
.
P
e
r
s
o
n
n
e
l
o
n
t
h
e
G
M
E
I
a
r
e
g
e
n
e
r
a
l
l
y
c
o
n
v
i
n
c
e
d
t
h
a
t
s
o
m
e
d
a
t
a
w
e
r
e
o
m
i
t
t
e
d
,
o
r
a
l
t
e
r
e
d
,
t
o
c
o
n
f
o
r
m
w
i
t
h
f
e
d
e
r
a
l
o
r
s
t
a
t
e
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
g
u
i
d
e
l
i
n
e
s
.
A
g
a
i
n
,
t
h
e
u
s
e
o
f
o
i
l
w
e
l
l
p
l
a
t
f
o
r
m
s
a
n
d
n
a
v
i
g
a
t
i
o
n
a
l
a
i
d
s
f
o
r
f
i
x
e
d
m
o
n
i
t
o
r
i
n
g
p
o
i
n
t
s
w
o
u
l
d
e
n
a
b
l
e
m
a
p
p
i
n
g
f
o
r
p
o
l
l
u
t
a
n
t
s
w
i
t
h
i
n
t
h
e
e
s
t
u
a
r
y
,
a
p
r
o
c
e
d
u
r
e
n
o
w
i
m
p
o
s
s
i
b
l
e
u
n
d
e
r
present conditions.
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 CHANNELIZATION AND FILL
Onl
y o
ne
est
uar
y,
the
Lag
una
Mad
re
of
Tex
as,
pre
sen
ted
pro
ble
ms
in
map
pin
g
area
s of
land
fill
.
No m
aps
of a
ny q
uali
ty e
xist
ed p
rior
to 1
910.
This
estu
ary
is c
hara
cter
ized
by t
he s
mall
est
popu
lati
on a
nd l
east
amou
nt o
f ac
cess
road
s of
any
estu
ary
in T
exas
.
Clas
sed
as a
dyin
g es
tuar
y,
larg
e am
ount
s of
drif
t sa
nds
are
blow
ing
into
this
body
of w
ater
crea
ting
a ra
pid
shoa
ling
rate
.
Two
crud
e
maps
prep
ared
by M
exic
an a
nd C
onfe
dera
te a
utho
riti
es w
ere
of s
ome
aid
in d
eter
-
mini
ng t
he a
moun
t of
fill
ing
from
the
acti
viti
es
of m
an.
Inci
dent
ally
, th
e
Conf
eder
ate
map
may
have
been
part
of a
n ef
fort
of t
hat
gove
rnme
nt
to f
ind
havens for blockade runners during the Civil War.
FUTURE INVENTORIES
In o
rder
to p
rope
rly
iden
tify
adve
rse
impa
cts
on t
he e
stua
rine
envi
ronm
ents
on
the
Gul
f C
oas
t,
it
wil
l b
e n
ece
ssa
ry
to
upg
rad
e t
he
GME
I p
ubl
ica
tio
ns
whe
n
data and circumstances warrant.
Whe
n i
t b
eco
mes
nec
ess
ary
to
con
duc
t a
new
inv
ent
ory
pro
jec
t,
the
wor
k
sho
uld
be
don
e o
n t
he
lar
ges
t w
ork
abl
e u
nit
, w
het
her
it
be
an
int
ern
ati
ona
l,
nat
ion
al,
reg
ion
al
or
sta
te
eff
ort
, t
o i
nsu
re
uni
for
mit
y i
n r
esu
lts
, a
s f
ew
agen
cies
as p
ossi
ble
shou
ld c
ondu
ct t
he w
ork.
Once
comm
itte
d, n
o ag
ency
shou
ld
let
its
com
mit
men
t t
o t
he
inv
ent
ory
pro
jec
t b
eco
me
sub
ser
vie
nt
to
any
oth
er
pro
gra
m w
ith
in
tha
t a
gen
cy,
whe
the
r t
hat
pro
gra
m b
e o
ngo
ing
or
ini
tia
ted
fol
low
-
ing
the
sta
rt
of
inv
ent
ory
wor
k.
Pro
ced
ure
s s
hou
ld
be
coo
rdi
nat
ed
as
to
col
lec
—
tio
n,
ana
lys
is
and
tab
ula
tio
n w
ith
all
par
tie
s b
efo
re
the
sta
rt
of
inv
ent
ory
work
, e
spec
iall
y in
the
fiel
d.
It i
s re
comm
ende
d th
at a
shor
t tr
ial
peri
od
of
dat
a c
oll
ect
ing
be
ins
tit
ute
d b
efo
re
the
act
ual
sta
rt
of
inv
ent
ory
wor
k s
o
that "the bugs may be ironed out".
The
fin
al
pub
lic
ati
ons
res
ult
ing
fro
m a
ny
new
inv
ent
ory
sho
uld
be
iss
ued
by
a s
ing
le
pri
nti
ng
fir
m u
sin
g i
den
tic
al
for
mat
s a
nd
pri
nt.
Cov
ers
of
the
pub
li-
cati
ons
shou
ld b
e si
mila
r,
diff
erin
g on
ly i
n co
lor
if t
his
is n
eede
d to
diff
er—
ent
iat
e b
etw
een
ser
ies
of
mor
e t
han
one
vol
ume
wit
hin
the
pro
jec
t.
Edi
tin
g
sho
uld
be
don
e b
y a
sin
gle
ind
ivi
dua
l o
r g
rou
p u
nde
r a
sin
gle
roo
f t
o e
ffe
ct
unif
ormi
ty.
The
data
shou
ld b
e co
mpil
ed a
s so
on a
s it
is c
ompl
ete
and
publ
ishe
d
as s
oon
as p
ract
ical
so t
hat
the
data
may
be u
sed
when
it i
s st
ill
fres
h.
Betw
een
inve
ntor
y ef
fort
s,
new
data
and
rese
arch
prog
ress
shou
ld b
e
moni
tore
d ye
arly
and
summ
ariz
ed
at g
iven
peri
ods.
Such
a li
tera
ture
revi
ew f
or
the
Texa
s c
oast
was
publ
ishe
d by
Gunn
(196
9) a
nd i
s cu
rren
tly
bein
g su
pple
ment
ed.
Such efforts are indispensable to future inventory efforts.
Individuals responsible for future estuarine inventories may do well to
cons
ider
the
poss
ibil
itie
s of
sate
llit
e or
aeri
al c
over
age.
Such
item
s as
vege
tati
on t
ypes
, wa
ter
qual
ity,
land
use
and
estu
arin
e cu
rren
ts a
re a
few
of
the
para
mete
rs w
hich
can
be m
appe
d an
d ve
rifi
ed w
ith
a mi
nimu
m of
"gro
und
trut
h"
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field work. Once such monitoring has been initiated, it is possible to concen—
trate on other items which may otherwise receive only superficial treatment
when limited financial or personnel resources are a serious problem.
The work on the 1968 Gulf of Mexico Estuarine Inventory is continuing. A
summary paper covering the area description phase for the northern Gulf coast is
being developed at the National Marine Fisheries Service, St. Petersburg, Florida
(Wm. N. Lindall, Jr., in press). As of this writing, only the Florida hydro—
logy and sedimentology phases remain outstanding.
One other survey has since been completed. The seven issues of the Environ-
ment
al G
eolo
gic
Atla
s of
the
Texa
s Co
asta
l Zo
ne b
y th
e Bu
reau
of E
cono
mic
Geol
ogy
of
the
Uni
ver
sit
y o
f T
exa
s -
Aus
tin
are
a w
elc
ome
add
iti
on
to
the
lit
era
tur
e o
f
the Gulf coast.
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 ATLAS
MAKING:
THE
NEW
YORK
BIGHT
EXPERIENCE
J. C. Ginter
National
Oceanic
and
Atmospheric
Administration
Office of Marine Resources
Rockville, Maryland
INTRODUCTION
All good scientists in the environmental fields it seems, like to make maps
of the phenomena they study.
This is fortunate because it helps all the rest of
us understand the data they so carefully collect and publish in the scientific
literature.
Occasionally, a perceptive individual or group of people will take
note of the mass of data being produced and suggest that it may be more meaning-
ful to have it all plotted on maps in one publication for handy comparison and
reference.
Usually, this graphic collection of data is called an atlas as an
allusion to the specific geographic area it covers.
But let me remind you that the word "atlas" originally had a completely
different meaning which, you'll see, is nevertheless appropriate to book making.
In Greek legend, Atlas is a Titan compelled to support the heavens on his
shoulders as punishment for feuding with Zeus. We have since used the word
figuratively to describe people who carry extraordinary burdens. It's interest—
ing therefore, that Gerhardus Mercator decided to illustrate his 16th century
map collections with a figure of the legendary Atlas, half crouched, supporting
the earth. Did he misinterpret the story? Was this the product of a brilliant
geographer's playful imagination? I don't know. However, I agree that it makes
an excellent trademark for an atlas maker since it truely represents his burden
and effort. I say this in fair warning to anyone who fancies a quick and easy
job of compiling an environmental atlas. Data in an atlas format can be enor-
mously more useful than in regular scientific publications for certain purposes,
but an atlas is, may I say, a herculean task.
The New York Sea Grant Institute, in cooperation with NOAA's Marine Eco—
systems Analysis (MESA) program, has made an attempt to produce an atlas of the
New York Bight. We have succeeded, in part, with the NY Bight Atlas Monograph
Series which is currently being published by NY Sea Grant. The purposes of our
atlas project are basically similar to those described by Dr. Cronin for the
Chesapeake Bay atlas, although the end product is quite different. Our objective
was to describe the environment of the NY Bight in a way that could bereadily
understood and used by decision—makers and concerned citizens. We wanted to
show the Bight as it is today and how and why the conditions we see exist. Also,
We wanted to shed light on much of the good scientific information that rarely
surfaces from the deeper scientific literature to a level of understanding for
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 non—
spec
iali
sts.
It s
eems
that
this
ill
defi
ned,
but
larg
e, g
roup
of n
on—
spe
cia
lis
ts
con
cer
ned
abo
ut
the
mar
ine
env
iro
nme
nt
are
the
one
s w
ho
ult
ima
tel
y
effe
ct d
ecis
ions
rela
ting
to e
nvir
onme
ntal
qual
ity.
Thes
e ar
e th
e pe
ople
we a
re
trying to reach with our comprehensive summary of the NY Bight.
It
is
sig
nif
ica
nt
tha
t t
he
int
err
ela
ted
nes
s o
f p
eop
le
wit
h t
he
env
iro
n—
ment
is a
cent
ral
focu
s of
the
NY B
ight
atla
s pr
ojec
t.
Perh
aps
the
larg
est
prob
lem
we t
ackl
ed w
ith
our
atla
s is
lack
of p
ubli
c aw
aren
ess
of t
he B
ight
's
resources and relationship to the multitudes living on its coastal perimeter.
Usin
g th
e at
las
conc
ept
as o
ur m
ediu
m, w
e ha
ve a
ttem
pted
a ki
nd o
f en
viro
n—
mental consciousness raising.
The atlas concept, as applied to the NY Bight, was born in late 1972 out
of a conversation between NY Sea Grant Director, Dr. Donald F. Squires and
Dr. Allen C. Hirsch who was then director of the new federal MESA program.
Dr. Hirsch was organizing MESA to begin an intensive, seven year research effort
in the NY Bight, among other designated coastal regions. In their discussion,
Dr. Squires agreed that MESA would produce some excellent marine science, but
that the problem of conveying this information to non-scientists would remain.
For example, local decision—makers would most likely not read or see the techni—
cal papers and government science reports on MESA work, but they could greatly
benefit from a better understanding of the Bight. Dr. Squires and Hirsch decided
the best approach to this problem of reaching beyond the scientist was a collec-
tion of illustrated essays, designed for easy understanding, and summarizing
current knowledge in different aspects of the Bight. This collection of essays
or state-of—the—art papers, also would be useful in pointing out knowledge
deficiences to help plan research priorities and to increase public support of
MESA efforts. When edited, the papers were to be bound in a single volume called
the New York Bight Atlas.
THE PLAN
The plan for this atlas was straightforward and flexible. Under MESA
sponsorship, NY Sea Grant secured contributions from recognized professionals
knowledgable of the Bight. These contributions —— the essays —— are the
scientific essence of our atlas. Also, Sea Grant edited, printed and distri—
buted the final product. MESA provided an editorial board for final decisions
on topics to be included, format, design and, most importantly, manuscript
review and approval. Choosing qualified authors and relevent topics were
certainly of primary concern. Much consideration however, also was given to
balancing New York and New Jersey perspectives. Likewise, care was taken to
assure that purely oceanographic topics were balanced with resource-related and
people—related topics.
The geographic area defined as the NY Bight for purposes of the atlas
project is that part of the Atlantic Ocean from Montauk Point, NY to Cape May,
NJ and seaward to the edge of the continental shelf. This 15,000 square nautical
80
 mile
sea
derives
its
name
from
the
bend,
or
bight,
in
the
coastline
and
the
largest
city
at
the apex
of
the bend.
Bays
and
estuaries
behind barrior
beaches
were
not
included.
Their
ecology
is
complex
enough
to warrent
an atlas
of their
own.
However,
we
did
include
Sandy
Hook,
Raritan
and
Lower
Bays
since
all
water—
borne
pollutants
entering
the
Bight pass
through
this area.
The
circulation and
chemistry
in
this
three
bay
complex has
been
recognized as
significant
to
con-
ditions in the Bight's apex.
Rigid
definitions
of
boundaries
were
not
made.
Like
other
coastal
regions
the Bight is a dynamic environment, the constituent parts of which are often
affected by events outside neatly drawn lines on maps.
Fish and pollutants, for
example, pay no attention to arbitrary boundries.
The single greatest factor
influencing the Bight's environment -- the human population -— is technically
outside a narrow definition of the Bight, but must be included in a comprehensive
atlas.
Therefore, We subscribed to a broad definition of the Bight region
embracing inland, offshore and adjacent coastal areas depending on the topic
discussed.
Each contributing author was asked to summarize existing data in his topic
as it related to the NY Bight.
This summary was to include interpretation as
well as description of the data.
We wanted to know, for example, how good
existing data is from a management point of view say, and what new research
should be done.
We recognized that interpretation of this kind would be more
difficult in some topics than others. Basically however, we wanted to say to
our audience, "Here is what is known about this certain aspect of the Bight and
here is why it is important to know this or find out more". Authors also were
asked to provide full documentation and referencing in conventional scientific
style.
We provided each author with two comprehensive bibliographies on the Bight,
standardized base maps and cartographic services. The base maps were developed
for us by the American Geographical Society and were printed in several different
scales, projections and perspectives. Their purpose was for continuity in graphic
style and geographic comparability of data among topics.
THE ATLAS MONOGRAPHS
Before any manuscripts started to arrive at our Albany office, a meeting
was held betwaen MESA and NCAA officials in Washington, DC. Dr. Squires was
there to explain the Atlas project, as it was the first MESA funded project in
the MESA NY Bight program. Since there was a perceived need for an early product
in the MESA work, it was decided that the individual atlas essays could be pub-
lished separately as a preliminary product. These separate publications would
be the Monograph Series from which the final, single volume atlas could be
derived. There were some important advantages to this concept. A 20 to 40 page
81
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mon
ogr
aph
man
usc
rip
ts
had
to
be
mar
rie
d
to
gra
phi
cs
oth
er
mon
ogr
aph
s
and
oth
er
pub
lic
ati
ons
.
We
dis
cov
ere
d
how
eve
r,
we
had
to
do
muc
h m
ore
ori
gin
al
res
ear
ch
tha
n w
as
pla
nne
d
to
pro
duc
e
dat
a a
nd
gra
phi
cs
tha
t d
id
not
exi
st
in
the
mon
ogr
aph
s.
Too
oft
en,
the
gra
phi
c
we
vis
ual
ize
d f
or
a c
ert
ain
con
cep
t o
r t
abl
e o
f d
ata
was
not
to
be
fou
nd
any
-
whe
re
and
had
to
be
cre
ate
d.
The
res
ear
ch
and
art
ist
ic
eff
ort
was
for
mid
abl
e
and
wou
ld
hav
e r
equ
ire
d t
wo
ful
lti
me
wor
ker
s f
or
six
to
nin
e m
ont
hs
at
lea
st.
The
tal
ent
,
cre
ati
vit
y a
nd
ent
hus
ias
m w
ere
tog
eth
er,
but
the
pro
jec
t f
ail
ed
for
lack of time and funds.
The
cos
t o
f p
rod
uci
ng
the
fin
al
atl
as
as
pla
nne
d w
as
per
hap
s t
he
fin
al
kil
lin
g f
act
or.
The
Ame
ric
an
Geo
gra
phi
cal
Soc
iet
y,
whi
ch
was
int
ere
ste
d i
n
doi
ng
all
fin
al
car
tog
rap
hy,
pri
nti
ng
and
pub
lis
hin
g,
est
ima
ted
pro
duc
tio
n c
ost
s
at
ove
r $
300
,00
0 b
ase
d o
n o
ur
spe
cif
ica
tio
ns
for
a h
ard
cov
er
boo
k o
f a
bou
t 3
00
pag
es
wit
h f
our
col
or
pri
nti
ng.
A c
hea
per
alt
ern
ati
ve
of
hav
ing
the
U.S
.
Gov
ern
men
t P
rin
tin
g O
ffi
ce
do
the
wor
k w
oul
d h
ave
mea
nt
sac
rif
ici
ng
tim
e a
nd
colo
r.
For
our
purp
oses
this
was
cons
ider
ed u
nsat
isfa
ctor
y by
both
Sea
Gran
t
and
MES
A.
Fed
era
l s
upp
ort
of
a p
roj
ect
thi
s l
arg
e w
oul
d c
aus
e p
roh
ibi
tiv
e
mat
chi
ng
pro
ble
ms
for
NY
Sea
Gra
nt.
Wit
hou
t m
ajo
r s
upp
ort
fro
m p
riv
ate
fou
nda
—
 tions and corporations -- we were seeking $116,000 which was not forthcoming in
spite of our efforts —— plans for our final atlas had to be put aside. We
believe however, the atlas format envisioned by Sea Grant remains one of the
most effective ways of communicating environmental information to a broad,
generally non—technical audience. It is unfortunate this idea wasn't morefully
developed and incorporated in our atlas planning from the start.
THE PROCESS: PRODUCTION; PERSONNEL AND COSTS
Publication procedure for the New York Bight Atlas Monograph Series has
been developed according to particular advantages and disadvantages of this pro—
ject. For example, we saved significantly on printing costs by using the print
shop facilities of the State University of New York (SUNY) Central Administra-
tion. On the other hand, a major disadvantage was our reliance on some workers
over whom we had no direct management control.
Draft monograph manuscripts were initially submitted to the NY Sea Grant
Office. Copies were then sent to the MESA Editorial Board for review and
approval. If the manuscript was disapproved, a revision request was sent to the
principal author with a synopsis of reveiwer comments and suggestions of how it
could be improved. After Editorial Board approval, the author's honorarium was
paid and the manuscript was passed on to our editors for initial editing.
Simp
le y
es o
r no
answ
ers
from
the
Edit
oria
l Bo
ard
were
usua
lly
rare
, ho
weve
r.
To a
void
furt
her
dela
y in
auth
or r
evis
ion
time
, mi
nor
chan
ges
were
freq
uent
ly
made by the editor in consultation with the author.
Whe
n t
he
edi
tor
had
an
und
ers
tan
din
g o
f t
he
gra
phi
c r
equ
ire
men
ts
for
a
man
usc
rip
t,
a g
rap
hic
s c
onf
ere
nce
was
hel
d i
ncl
udi
ng
bot
h e
dit
ors
(se
nio
r a
nd
ass
oci
ate
),
the
pro
jec
t m
ana
ger
and
car
tog
rap
her
s.
Dra
fti
ng
spe
cif
ica
tio
ns
for
eac
h m
ap
and
fig
ure
wer
e d
eve
lop
ed
in
thi
s m
eet
ing
so
tha
t f
ina
l d
raf
tin
g c
oul
d
be
don
e c
onc
urr
ent
ly
wit
h f
ina
l e
dit
ing
.
Che
cks
on
acc
ura
cy
and
spe
cia
l p
rob
lem
s
of
the
car
tog
rap
hy
wer
e
mad
eat
sev
era
l s
tag
es
-—
rou
gh
pen
cil
ske
tch
es,
mec
han
i—
cal
s (
ove
rsi
zed
, i
nke
d f
orm
at
pri
or
to
cam
era
wor
k),
and
col
or
key
s (
ace
tat
e
col
or
fac
sim
ile
s).
Whe
n t
he
col
or
key
s w
ere
app
rov
ed
by
aut
hor
and
edi
tor
s,
the
gra
phi
cs
cou
ld
be
tak
en
to
the
fin
al
ste
p o
f c
omp
osi
t n
ega
tiv
es
rea
dy
for
pla
te
mak
ing
in
the
pri
nt
sho
p.
Thu
s,
reg
ist
rat
ion
of
col
ors
and
lin
es
on
the
pri
nte
d
pa
ge
wa
s
a
fu
nc
ti
on
of
ca
rt
og
ra
ph
y
ra
th
er
th
an
pr
in
ti
ng
ov
er
wh
ic
h
we
ha
d
le
ss
control.
Th
e
gr
ap
hi
cs
co
nf
er
en
ce
an
d
co
ns
ta
nt
mo
ni
to
ri
ng
of
th
e
dr
af
ti
ng
pr
oc
es
s
pr
ov
ed
va
lu
ab
le
to
us
in
av
oi
di
ng
co
st
ly
mi
st
ak
es
.
Ca
rt
og
ra
ph
ic
ti
me
an
d
ma
t—
er
ia
l,
es
pe
ci
al
ly
me
ch
an
ic
al
pr
ep
ar
at
io
n,
da
rk
ro
om
ti
me
an
d
ph
ot
og
ra
ph
ic
su
pp
li
es
,
ca
n
be
co
me
ov
er
ly
ex
pe
ns
iv
e
wh
en
er
ro
rs
or
ch
an
ge
s—
of
-m
in
d
ar
e
fr
eq
ue
nt
.
In
th
is
re
ga
rd
,
we
oc
ca
si
on
al
ly
br
ou
gh
t
an
au
th
or
to
Al
ba
ny
to
av
oi
d
mi
su
nd
er
-
st
an
di
ng
s
in
gr
ap
hi
c
an
d
ed
it
or
ia
l
de
ci
si
on
—m
ak
in
g.
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 Th
e
ed
it
ed
ve
rs
io
n
of
a
ma
nu
sc
ri
pt
wa
s
re
vi
ew
ed
by
th
es
en
io
r
ed
it
or
an
d
au
th
or
.
Re
vi
si
on
s
an
d
ad
ju
st
me
nt
s
we
re
ne
go
ti
at
ed
to
ev
er
yo
ne
's
sa
ti
sf
ac
ti
on
be
fo
re
ty
pe
se
tt
in
g
co
ul
d
be
gi
n.
Th
is
wo
rk
wa
s
do
ne
in
an
of
fi
ce
of
th
e
SU
NY
Ce
nt
ra
l
Ad
mi
ni
st
ra
ti
on
an
d,
al
th
ou
gh
a
fe
e
wa
s
pa
id
fo
r
ty
pe
se
tt
in
g
an
d
pa
st
eu
p
se
rv
ic
es
,
Se
a
Gr
an
t
co
ul
d
no
t
ha
ve
di
re
ct
co
nt
ro
l
ov
er
th
e
pr
io
ri
ty
of
it
s
wo
rk
.
Li
ke
wi
se
,
th
e
da
rk
ro
om
us
ed
by
ou
r
ca
rt
og
ra
ph
er
s
is
lo
ca
te
d
in
th
e
Ge
og
ra
ph
y
De
pa
rt
me
nt
of
SU
NY
at
Al
ba
ny
an
d
sc
he
du
li
ng
ar
ou
nd
st
ud
en
t
us
e
of
th
e
fa
ci
li
ty
wa
s
di
ff
ic
ul
t
at
ti
me
s.
Th
es
e
pe
cu
li
ar
as
pe
ct
s
of
ou
r
op
er
at
io
n
ca
us
ed
so
me
de
la
y
fr
om
ti
me
to
ti
me
.
Pa
ge
la
yo
ut
an
d
de
si
gn
wa
s
do
ne
by
ou
r
ed
it
or
s,
bu
t
pa
st
eu
p,
ga
ll
ey
pr
oo
fs
an
d
ty
po
gr
ap
hi
ca
l
co
rr
ec
ti
on
s
we
re
ma
de
in
th
e
ce
nt
ra
l
ty
pe
se
tt
in
g
of
fi
ce
.
Fi
na
l
pa
ge
pr
oo
fs
in
cl
ud
in
g
gr
ap
hi
cs
we
re
re
vi
ew
ed
an
d
app
rov
ed
a s
eco
nd
and
fin
al
tim
e
by
the
aut
hor
,
sen
ior
edi
tor
and
pro
jec
t
manager before being sent to the print shop.
Pri
nti
ng
was
don
e
at
the
SUN
Y
Cen
tra
l
Adm
ini
str
ati
on
pri
nt
sh0
p
in
Alb
any
.
Thi
s
fac
ili
ty
gav
e u
s
a s
ign
ifi
can
t
adv
ant
age
ove
r
the
cos
t
of
pri
nti
ng
eac
h
mon
ogr
aph
by
a c
omm
erc
ial
sho
p.
Pri
nti
ng
cos
ts
var
ied
acc
ord
ing
to
the
num
ber
of
pag
es
of
cou
rse
,
but
rar
ely
exc
eed
ed
$20
0
per
mon
ogr
aph
.
Thi
s
pai
d
for
the
cos
t
of
off
set
pla
tes
onl
y.
We
did
not
pay
pri
nte
r's
sal
ari
es
or
pre
ss
tim
e.
Pap
er
and
ink
wer
e b
oug
ht
sep
ara
tel
y a
nd
in
bul
k a
t t
he
beg
inn
ing
of
the
pro
jec
t.
Fol
din
g,
bin
din
g a
nd
tri
mmi
ng
was
con
tra
cte
d t
o a
pri
vat
e f
irm
due
to
a s
hor
tag
e
of
per
son
nel
in
the
SUN
Y p
rin
t s
hop
.
The
per
mon
ogr
aph
cos
t o
f t
his
wor
k a
ver
—
age
d a
bou
t $
150
.
Our
adv
ant
age
in
pri
nti
ng
cos
ts
wer
e o
cca
sio
nal
ly
off
set
by
a d
isa
dva
nta
ge
in
tim
e.
Aga
in
we
wer
e i
n a
pos
iti
on
of
lit
tle
dir
ect
con
tro
l
ove
r t
he
pri
ori
ty
giv
en
our
wor
k.
A t
ypi
cal
pri
nt
run
of
200
cop
ies
in
thr
ee
col
ors
cou
ld
be
don
e i
n f
0ur
to
six
wee
ks
at
the
ear
lie
st,
but
som
eti
mes
exc
eed
ed
two
mon
ths
dep
end
ing
on
the
wor
klo
ad
fro
m o
the
r S
UNY
dep
art
men
ts.
Alt
ern
ati
vel
y,
we
fou
nd
we
cou
ld
hav
e m
ono
gra
phs
pri
nte
d c
omm
erc
ial
ly
in
a
lit
tle
ove
r t
wo
wee
ks
for
abo
ut
one
dol
lar
per
cop
y.
An
adv
ert
isi
ng
fly
er
wit
h d
eta
cha
ble
ord
er
for
m w
as
cir
cul
ate
d w
ide
ly
bef
ore
the
fir
st
mon
ogr
aph
was
pub
lis
hed
.
Ord
ers
wer
e t
ake
n a
lso
by
tel
eph
one
and
let
ter
s.
The
mon
ogr
aph
s a
re
pri
ced
at
fou
r d
oll
ars
eac
h a
nd
a d
isc
oun
t i
s
off
ere
d f
or
bul
k o
rde
rs
(ov
er
25
cop
ies
of
a s
ing
le
mon
ogr
aph
) a
nd
for
ord
eri
ng
the
com
ple
te
ser
ies
.
Mon
ogr
aph
s a
re
sen
t t
o i
ndi
vid
ual
s,
lib
rar
ies
and
Sea
Gra
nt
Adv
iso
ry
Ser
vic
e o
ffi
ces
as
wel
l.
Com
pli
men
tar
y c
opi
es
are
sen
t t
o a
ll
mon
ogr
aph
aut
hor
s a
nd
MES
A o
ffi
ces
for
the
ir
sep
ara
te
dis
tri
but
ion
.
Per
son
nel
for
the
NY
Big
ht
Atl
as
Pro
jec
t i
ncl
ude
d f
our
ful
l t
ime
and
abo
ut
six
par
t t
ime
wor
ker
s.
The
ass
oci
ate
edi
tor
, t
wo
car
tog
rap
her
s a
nd
pro
jec
t
man
age
r w
ere
emp
loy
ed
ful
l t
ime
.
Par
t t
ime
wor
ker
s i
ncl
ude
d t
he
dir
ect
or,
sen
ior
edi
tor
, t
ype
set
ter
, d
ist
rib
uti
on
cle
rk
and
two
car
tog
rap
her
s.
Sev
era
l
car
tog
rap
hy
and
des
ign
con
sul
tan
ts
hel
ped
us
dev
elo
p o
ur
ide
as
on
the
Atl
as
and
Monograph Series early in the project.
A t
ota
l o
f s
ix
sep
ara
te
gra
nts
fro
m M
ESA
to
NY
Sea
Gra
nt
wer
e m
ade
ove
r a
per
iod
of
thr
ee
yea
rs
(19
73—
197
6)
to
sup
por
t t
he
Atl
as
Pro
jec
t.
The
se
awa
rds
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It
amounted to slightly over $300,000. An accurate analysis of how these funds
I
were distributed is difficult at this time since the project is incomplete.
However, a generalized picture of percentages spent in certain budget categories
can be derived from our accounting data.
\
\
Salaries and wages wereby far our most costly item. As of August 31,
1976, they accounted for about 48% of the projects total budget. Fringe benefits
cost about an additional 9% of the total. Indirect costs or university overhead
was charged at a rate of about 21% of personnel costs, amounting to 11% of the
total appropriation. Thus, we spent over two-thirds, about 68%, of our total
funding for people and a place to work. Consultants fees, which include author
honorarium in this categorization, amounted to 13%; miscellaneous costs — 10%;
publishing - 4%; equipment and supplies - 3%; and travel, about 2% of the total
funding.
SPECIAL PROBLEMS
The most fundamental problemof producing an atlas is getting the raw
material. In spite of the fact that an atlas is a description of existing
information, collecting the data and setting it on paper as words and graphics
is still a creative process. An atlas producer must rely entirely on two
requirements of this process: enlisting the support of talented creators, i.e.
contributors, and getting the work done when and how it is desired.
Enlisting the cooperation of qualified contributors for the NY Bight Atlas
Project proved more difficult than originally anticipated. Many first choices
for authors declined for lack of time or immediate interest. Scientists some—
times turned us down after weighing the workload of writing an atlas paper against
their primary employment responsibilities. Academic scientists for example, may
be reticent to contribute to gray literature, such as the Atlas Monograph Series,
if it will not be considered as a bona fide publication by their university
department. Federal and state employed contributors responded best when a clear
relationship could be made between their jobs and our atlas requests. Also,
some authors thought we asked for too much compared to their rewards. Early in
the atlas planning, our sponsors believed that our atlas would be an attractive
alternative to regular scientific publication and getting contributors would not
be a major problem. Small honoraria were arranged, but had to be increased
before some authors would spend the time preparing a paper. '
Most
auth
ors
coul
d wo
rk o
n th
eir
cont
ribu
tion
s on
ly i
n th
eir
free
time
.
,
This
meant
that
atlas
work
alway
s see
med
to be
on th
eir b
ackmo
st bu
rner,
despi
te
i
the h
onora
rium
incen
tive
and p
ersis
tent
encou
ragem
ent
from
Sea G
rant.
Excep
t
,
for a
few
dedic
ated
contr
ibuto
rs,
the l
ow le
vel o
f aut
hor c
ommit
ment
was
a
1
chro
nic
prob
lem.
The
aver
age
writ
ing
time
—— f
rom
secu
ring
auth
or a
gree
ment
to
submission of a first draft -— was about 11 months and ranges from six months to
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 thr
ee
yea
rs.
Aut
hor
s o
f t
wo
mon
ogr
aph
s w
ere
rel
iev
ed
of
the
ir
agr
eem
ent
to
con
tri
but
e
lat
e
in
the
pro
jec
t
and
had
to
be
rep
lac
ed
by
pro
fes
sio
nal
con
sul
tan
ts
und
er
exp
ens
ive
con
tra
cts
to
pro
vid
e
us
wit
h
acc
ept
abl
e
man
usc
rip
ts
wit
hin
a s
pec
ifi
ed
tim
e.
Thi
s c
ont
rac
t m
ech
ani
sm
wor
ked
wel
l
bec
aus
e w
e w
ere
abl
e t
o a
ttr
act
the
att
ent
ion
of
fir
st
cla
ss
sci
ent
ist
s
and
it
pro
vid
ed
our
onl
y r
eal
con
tro
l o
ver
the
wri
tin
g/c
rea
tiv
e p
roc
ess
.
The
var
ian
ce
in
dat
a a
nd
wri
tin
g q
ual
ity
was
con
sid
era
bly
gre
ate
r t
han
expe
cted
.
From
an e
diti
ng p
oint
of v
iew,
ther
e wa
s no
way
to s
tand
ardi
ze t
ech—
nic
al
lev
el
of
wri
tin
g w
ith
out
a m
ass
ive
amo
unt
of
edi
tin
g a
nd
rev
isi
on.
Scie
ntif
ic A
meri
can
type
arti
cles
repr
esen
ted
the
styl
e an
d le
vel
of w
riti
ng w
e
want
ed t
o at
tain
in t
he m
onog
raph
s.
Alth
ough
some
vari
atio
n wa
s ex
pect
ed,
the
inhe
rent
tech
nica
l as
pect
s of
the
data
and
the
auth
or's
abil
ity
to d
escr
ibe
and
expl
ain
were
some
time
s di
scou
ragi
ng.
For
exam
ple,
disc
ussi
ons
on a
quac
ultu
re
and
artif
icial
fishi
ng re
efs w
ere
based
on li
ttle
hard
data,
but
tempe
ratur
e an
d
salinity data were too much to handle without computer synthesis. The first
draft on wave conditions in the Bight was a mathematical description difficult
to comprehend for anyone outside physical oceanography and yet the data has some
important relevance to the problem of beach erosion. That message would never
have come through to the non—specialist, environmental manager. 0n the other
hand, some papers were too weak on analysis. We often found ourselves going
back to the author asking, what is the meaning of this data you describe and why
should environmentally concerned citizens know about this topic? Occasionally
the authors indicated we were asking too much, what we wanted just isn't in the
scientific literature and would require original research to obtain. In fact,
an important aspect of this problem was a perceived change in direction of the
Atlas due to changes in MESA leadership. As the project evolved, some signals
about what was really expected could have become crossed. This push and pull
between the authors and atlas makers over data and writing quality (which is not
altogether bad) resulted in much more time spent on editing than originally
anticipated. Most manuscripts could not be printed with a simple cosmetic
treatment of the prose as was planned.
Difficulties experienced with graphics also exceeded expectations. Origi-
nally, authors were provided with base maps in four different scales on which to
plot their data. Many authors found these to be inadequate for their special
purposes. The maps had either too much water area or not enough. Some authors
needed larger scale views of the apex area only while others needed maps of the
Georges Bank to Cape Hatteras region. One author requested a three dimensional
map to plot temperature and salinity data. Some had their data already computer
plotted on maps with different projections than ours and couldn't transfer their
data without reprogramming. We ultimately used a wide assortment of maps -—
some of our base maps, some redrafted versions of the author's, and some from
other publications by permission. Strict uniformity was impossible.
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 Our
cartographers
were
originally
hired
when
they
were
still
full
time
students
in
the
Geography
Department
at
SUNY/Albany.
Our
intent
was
to
have
them simply
draft
in final
form
the data
provided
on our base maps.
We
provided
them with negatives
of the
base map
line work.
As
our
graphic problems
became
more
complex however,
we
had
to lean
more on their
ability
to work
cartographic
wonders with limited equipment and experience.
From the start, we recognized
the importance of attractive design and use of color to convey information.
Our
cartographers and consultants helped us learn what to expect from different
techniques.
The most common graphics problem encountered was reconciling what
we wanted
to
see
as
an end product
with
time and
money
constraints.
END PRODUCTS
Our target audience for the NY Bight Atlas Monograph Series is the educated
non-specialist, generalist, concerned citizen, environmental planners and
decision—makers in the NY Bight region.
It is difficult to accurately determine
what the impact is on this audience because of scanty feedback information.
The
approach we have taken is to record all names and addresses of people ordering
monographs. This record is not conclusive since there has been additional
distribution through MESA, the contributing authors and complimentary copies.
However, some interesting observations can be made from the record. Most sur—
prising is that from orders received up to early August 1976, only 38% came from
New York and New Jersey. In fact, orders from Massachusetts exceeded those from
New Jersey by a small margin. Practically all other coastal and Great Lakes
states are represented in the record. Orders have beenreceived as well from
four Canadian provinces, Australia, France and Venezuela. The majority of
orders have come from government agencies and consulting firms. The less tech-
nical, problem oriented monographs are more popular than those perceived as not
relevant. Monograph 11, Beach Forms and Coastal Processes has been our best
seller to date whereas Monograph 9, Gravity, Magnetics, and Seismicity is among
those least ordered. Actually, Monograph 9 is written well and has relevancy to
the question of oil deposits on the continental shelf. Other top monographs in
sales are Tides (4), Sand and Gravel (21), Artificial Fishing Reefs (18) and
Fish Distribution (15). It should be noted that not all monographs are publish—
ed at this time.
A useful study of target audience preferences for an environmental atlas
has been done in Washington state in preparation for an atlas on‘Puget Sound.
Alyn C. Duxbury and Patricia Peyton at the University of Washington in Seattle
designed a questionnaire to test the perceived value of an atlas with the same
list of topics as in the NY Bight Atlas Project*. The questionnaire was sent to
 
*Atlas Monograph Series List of Topics Attached
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 in
di
vi
du
al
s
in
fe
de
ra
l,
st
at
e,
co
un
ty
an
d
ci
ty
ag
en
ci
es
co
nc
er
ne
d
wi
th
co
as
ta
l
zo
ne
ma
tt
er
s.
It
wa
s
al
so
se
nt
to
in
du
st
ri
al
gr
ou
ps
,
po
rt
au
th
or
it
ie
s,
co
n—
su
lt
an
ts
an
d
re
se
ar
ch
er
s.
Th
ei
r
re
su
lt
s
in
br
ie
f
sh
ow
an
ov
er
wh
el
mi
ng
pr
ef
er
en
ce
fo
r
a
mo
no
gr
ap
h
se
ri
es
fo
rm
at
,
pr
ic
ed
un
de
r
$75
fo
r
th
e
en
ti
re
se
ri
es
,
as
op
po
se
d
to
a
sin
gle
vol
ume
atl
as.
Als
o,
des
cri
pti
ve
wri
tin
g
was
con
sid
ere
d
by
the
re
sp
on
de
nt
s
mo
st
ef
fe
ct
iv
e
in
co
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 SOME PREVIOUS EFFORTS AT MAPPING OF WATER QUALITY IN EUROPE
H.B.N. Hynes
University of Waterloo
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Europeans became interested rather early in their flora and fauna, and
collection of butterflies, beetles, wild flowers, etc. was quite an important
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e r
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a
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the
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to
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uit
e
sop
his
tic
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d m
ode
rn
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tem
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g
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urr
enc
es
on the metric cartographic grid.
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The development of environmental maps is dependent on a sufficient and
adequate data base. This session of the workshop discussed selected types of
information available for inclusion in environmental maps: whether the
respective information bases were broad enough; what gaps currently exist in
the data; and what types of maps presently could and could not be constructed.
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In cooperation with the fishery agencies of New York, Pennsylvania, Ohio,
Michigan, Indiana, Illinois, Wisconsin, and Minnesota.
GREAT LAKES FISHERIES
SUMMARY OF UNITED STATES AND CANADIAN LANDINGS, I973
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. . . . . . . . . . . . . . . . THOUSANDPOUNDS---—------------
BM IN . . . . . . . . . . . 1 4 5 45 45
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BULLHEADS . . . . . . . . . 53 233 286 21 7o 91
CARP . . . . . . . . . . . . 19 413 432 2,393 60 2,456
CATFISH . . . . . . . . . . 2 24 26 113 367
CRAPPIE . . . . . . . . . . 9 - 9 - -
EELS, CWON . . . . . . . . 40 183 226 2 2
LAKE HERRING . . . . . . . . 1 17 Is (I) . I1)
LAKE TROUT . . . . . . . . . - (1) (1) - -
PIKE DR PICKEREL . . . . . . - 11 11 13 13
QUILLaACK . . . . . . . . . - - - 57 - 57
ROCK BASS . . . . . . . . . 22 44 66 46 46
SAUGER . . . . . . . . . . . . (1) I 1) . - -
SHEEPSHEAD . . . . . . . . . (1) 6 6 997 508 1,505
SMELT . . . . . . . . . . . 5 99 104 I I 17 062 17 062
STURGEON, comm . . . . . . (1) I I (1) I1)
SUCKERS . . . . . . . . . . e 1e 26 123 21 144
SUNFISH . . . . . . . . . . 19 208 227 - 64 64
WHITE BASS . . . . . . . . . 2 6 a 2,424 1,497 3,921
WITEFISH,- comm . . . . . (1) 16 I6 1 4
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For added emphasis I would like to present the end of this paper first.
My conclusion is that any scheme which proposes to allocate water use on the
basis of biological values involving fish will not be scientifically sound at
present, and may prove counter—productive in the long run. My recommendation
is that we encourage fish resource mapping as part of our monitoring efforts,
but that we endeavour to prevent the misuse of the maps.
Mapping has always been important in fishery studies except we did not
call it that. Even when our objective was to study population size or harvest
rates we needed first to measure range and seasonal distributional changes of
the particular stock. This will continue, but we are nowadays acutely con-
cerned with community interactions and maps of all the species in the fish
community will be necessary to provide understanding of the changing ecologi~
cal linkages. So the problem we address with this workshop does not lie with
fishery resource maps per gg, but with their use.
Ecological mapping does not involve assigning values to different areas.
Their chief usefulness in the long run is to indicate shifts in species com-
position and relative abundance for different areas, through time. Interpre-
tation of changes will be in terms of further deterioration or, preferably,
in terms of response to management initiatives.
Mapping for the purpose of allocating the water resource on the basis of
biological values, implies that areas of ostensive low value (i.e. few fish?)
represent "slack" in the system. Slack is hard to understand in ecological
terms, because it doesn't allow for coherence of energy and materials flow in
ecosystems. Further, the ecologist views the role played by the littoral
zone as critical to lake productivity and fears that nearshore damage may
already be excessive in many areas. From this perspective then, the question
is not one of rationalizing and controlling further pollution, but of reducing
it. Most fisheries biologists agree that the only really viable approach is
to achieve control of total loadings at essentially contemporary levels, in
our lakes.
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 (e) Ecosystem Integrity
Odum did not specifically discuss zonation within a lake system, but as
noted earlier there is reason to believe that the incremental destruc—
tion of the littoral zone may have exaggerated effects on lake fish
productivity as a whole. The theoretical aspects of this subject will
be dealt with elsewhere, so I won't go into further detail.
The conclusion from the foregoing observations was that fisheries had to
move in an aggesssive way towards recovering as much as possible of what has
been lost and to protect that of value which remains. Our attitude is that
traditional approaches to ecological understanding are not likely to produce
the knowledge we need soon enough, so we espouse the approach called experi—
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unavailable
during
their
summer
spawning
period
and
that
the
adult
smelt
were
also
spatially
separated
in some
unknown way.
Thus
the
teeming
abundance
of
these
exotic
forms
was
of little
apparent value
to
the
trout
during
the
grow-
ing
season
and
this
may
have
been
involved
in
the
comparatively
slow
growth
0f
the
trout.
In
earlier
times
the
native
lake
trout
filled
this
apparent
particle
size
gap
by
feeding
on
deepwater
ciscoes
which
are
now
extinct.
The
conclusion
from
all
of
this
is
that
it
is
wise
to
look
carefully
at
the so—called
"forage base",
and to be just as concerned for the well—being
0f
prey
species
as
for
the
predators.
We
know
even
less
about
the
spatial
requirements of these forms, but it is well to note that
(i) many are thought
to
be
generally
fairly sedentary,
and
(ii)
it probably
requires
both broad
distribution and high abundance to support a large population of predators
because it may take upwards of 5 lbs of prey to produce a pound of predator.
We cannot be sure how trout survival might be affected by (say) extirpa—
tion of sculpin stocks over part of the trout range.
In some lakes they get
by on zooplankton but it seems a reasonable prediction that breaking the
particle size continuum would affect growth and thus production.
The above is a simple example involving fish not inhabiting the littoral
zone during summer. The principle of ensuring food of the right size for
each life history stage of fish like walleye is no less valid, however.
The particle size continuum typically begins with zooplankton for the
smallest fish, and here, if anything, an adequate supply of the right sized
food items, at the right time can be extremely critical to survival because
the fish lack the hunting mobility. Events upstream in coastal currents can
obviously be very important in relation to plankton quality and quantity, but
again, our knowledge of spatial relationships in such matters, is very limited.
Suffice it to say that in our present state of ignorance, the most prudent
course seems to be to assume that any given pollution input to the littoral
zone can create shock waves which will be felt in various detrimental ways
for many miles downstream along the coastline, and more indirectly in the
main basin of the lake.
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HISTORIC RECORDS
The
history
of
successive
changes
in
the
fish
populations
and
their
envir-
onment
since
the pristine
state
has
probably been better
documented
for the
Great Lakes than for any comparable bodies of water.
This has happened because
the period of discovery and exploration by Europeans started in the 1600's when
the lakes and their drainage had been little influenced by the native Americans
or by immigrants, and occurred during a period when awareness and curosity about
biology and natural resources was growing rapidly.
Much of the earliest observations of the Great Lakes fish and their envir-
onment is contained in the Jesuit documents (Thwaites, 1896).
These were reports
written during 1610 to 1791 by the Jesuit missionaries who worked mostly in the
St. Lawrence drainage, but also explored the northeast Atlantic coast and north
I
central region of North America. Other than missionary activities, a primary
I
interest of the Jesuits was to find and evaluate resources that might be
I
exported to France. Thus, their reports contain many references to natural
I
resources, including notes on the abundance and habitat of many kinds of fish.
The exploitation of the resources and the settlement of the Great Lakes
drainage increased steadily from the late 1700's and throughout the 1800's.
Descriptions of the resources and events in the early portion of this period
are primarily in the accounts of early settlers (Baillie, 1944; Lark, 1973) and
chroniclers of early history (Anonymous, 1866; Jones, 1851). The sources are
diverse and they are usually found among the collections of archives and old
books at university and government libraries. There seems to be no catalog of
these early references, but some who have searched and found them have produced
informative accounts of the natural resources and environmenta1.conditions
during the early period of stresses and change (Hedrick, 1933; Trautman, 1949).
Many such records may remain undiscovered and unevaluated for their information
4 about natural resources. Among those may be early military records which may
; possibly describe fish and wildlife that were important sources of food for 3
early outposts.
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Although
the
historic
information
on
the
fish
of
the
Great
Lakes
and
their environment is voluminous,
some is undoubtedly undiscovered or obscure,
and most of it remains unknown or inaccessible to the vast majority of those
who could or should use it.
Thus,
to facilitate the availability and use of
this vast store of material, there is need for a comprehensive catalog of the
records and the publications containing historic information by period and
content.
CHANGES IN FISH AND THEIR ENVIRONMENT
The historic information describes all of the Great Lakes as originally
being clear and cool with many vast marsh areas along their shores. Tribu—
taries were described as clear and cold with deep-cut banks. Many springs
and swamps feeding the tributaries caused them to flow full throughout the
year. There were meadows scattered throughout the drainage, but most of the
area was covered by what was described as dense forest providing cover which
was believed to be the reason that protected snow accumulations often persisted
into late spring.
In the pristine state fish were common throughout the lakes and the
drainage. The shallow areas, bays and marshes were major spawning areas
where the fish were particularly conspicuous when they congregated to spawn.
Also, there were stream spawning races of nearly all of the lake-dwelling
species, some of which migrated to the headwaters of tributaries to spawn.
Changes that affected fish started slowly in the 1700's, but accelerated
rapidly during the 1800's. Fish first became exploited heavily in bays and
river mouths where they were most accessible. Marshes were drained to create
farm land and tributaries dammed and polluted by industry, depriving fish of
major portions of their natural spawning area. Forests were cut and in the
following decades the flow of springs decreased or they went dry, IOWering
summer flows in tributaries, and caused some which had spawning runs of fish
to become intermittent or dry.
 
Pollution of tributaries were unabated and severe until restrictions were
imposed in the late 1800's. Heavy pollution of some larger tributaries, con—
necting rivers and bays, and the open lakes continued into the 1900's. By the
mid 1900's the water quality in the entire system below Lake Huron was severely
affected.
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HISTORICAL FISHERIES INFORMATION-~ITS IMPORTANCE TO
GREAT LAKES REHABILITATION PROGRAMS
R. M. Horrall, Ph.D.
The University of Wisconsin—Madison
Madison, Wisconsin
ABSTRACT OF PRESENTATION
Loftus (1976) defines fisheries rehabilitation "as a set of programs
designed to rebuild fish communities and fish stock complexes to, or close
to, former levels of abundance". If this goal is to be accomplished, in part
or in whole, then historical information relating to the former characteristics
of the fish and of the fisheries needs to be collected, assembled and preserved
before most of it is lost forever. The more general historical information
on Great Lake's fish and their changes over time has already been brought
together and is now well documented. This is not the case with much of the
specific and more geographically localized historical details of Great Lake's
fish
es,
espe
cial
ly s
uch
thin
gs a
s th
eir
form
er s
pawn
ing
grou
nds,
thei
r di
ffer
ent
stoc
ks o
r ra
ces,
and
thei
r ab
unda
nce,
beha
vior
, di
stri
buti
on a
nd m
igra
tion
s.
Hist
oric
info
rmat
ion
of t
his
type
is c
onsi
dere
d to
be c
ruci
al i
n fo
rmul
atin
g
the
pri
ori
tie
s a
nd
str
ate
gie
s i
n r
eha
bil
ita
tio
n p
rog
ram
s.
A g
ene
ral
exa
mpl
e i
s p
res
ent
ed
whi
ch
des
cri
bes
the
ava
ila
bil
ity
of
inf
orm
ati
on
on
the
loc
ati
ons
of
for
mer
(hi
sto
ric
) l
ake
tro
ut
spa
wni
ng
gro
und
s
in
the
Upp
er
Gre
at
Lak
es.
The
rea
son
s w
hy
thi
s h
ist
ori
cal
dat
a i
s s
o i
mpo
rta
nt
is
out
lin
ed,
and
a s
pec
ifi
c e
xam
ple
is
giv
en
by
des
cri
bin
g t
he
lak
e t
rou
t
reh
abi
lit
ati
on
pro
gra
m o
n L
ake
Mic
hig
an'
s m
id—
lak
e M
ilw
auk
ee—
She
boy
gan
ree
f
complex.
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 AVAILABILITY
OF
INFORMATION
ON
ONTARIO
WILDLIFE
IN
THE
GREAT
LAKES
SYSTEM
D. A. Hagen
Wildlife Branch
Ontario Ministry of Natural Resources
Toronto, Ontario
INTRODUCTION
Only very small areas of the Great Lakes system have been comprehensively
studied as wildlife management units, and then only on respective sides of the
international boundary.
Yet, even today, the system is an exceedingly signifi-
cant ecological feature for internationally important wildlife.
Despoiling or unaccommodating development of wildlife habitat, or by—
products of that development, are having significant, usually intolerable, and
in some cases perhaps irreversible effects on the wildlife resources of at
least two nations. Under the circumstances, to discuss what we have now in the
way of wildlife resources in the Great Lakes system is to discuss a situation
existing after we have gone too far. We are hopeful that this workshop will
assist in defining the methodologies necessary to inform people of this fact,
and to indicate to them what might be, with the objective to restore wildlife
habitat.
The following account of wildlife inventories or other information, is
organized on the basis of what is available and complete, what is available
yet incomplete, and what studies are available that are indicative of current
or historic situations.
GENERAL; COMPLETE INVENTORIES PERTAINING TO WILDLIFE
CAPABILITY OF LAND TO PRODUCE WILDLIFE
One of the most complete sets of information that we are able to offer
pertains to the capability of land to produce wildlife. Capability for wild—
life production is defined as wildlife production which could be achieved if
an area of land were managed to produce the most suitable habitat it could
produce for the species considered. The progenitor of this type of survey in
Canada was the Canada Land Inventory (C.L.I.) which provided ratings for two
broad groups of wildlife, ungulates and waterfowl.
The Ontario Land Inventory (C.L.I.) was a more intensive survey of the
C.L.I. type, and in which ratings Were developed for 13 representative species.
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 knowledge
to
existing
summaries.
In
this
case,
the
input
was
important
In
many
cases
we
need
not
re—invent
the
wheel,
but
may
add
current
but
the
Statement
was
exclusive
of
many
important
Canadian
wildlife
situations.
SPECIFIC
LOCALITY
STUDIES
PERTAINING
TO WILDLIFE
In
recent
years
in
Ontario,
studies
involving
determination
of
wildlife
values
in
specific
areas
which
include
Great
Lakes
shorelines,
have
numbered
in
the
hundreds.
Recent
studies
of
this
nature
would
be
cognizant
of
the
information
presented
in
our
preceding
discussion.
However,
in
examining
this
information,
one
should
be
aware
of
original
purposes,
time
constraints,
and
expertise
involved,
all
of
which
tend
to
limit
scope.
At
best,
these
studies
provide
us
with
samples
of
features
along
the
system,
and
which
are
in
no
way
to
be
considered
exclusive
of
intervening spaces.
The following are general headings which are indicative of a wide
variety of particulars:
(1)
(2)
(3)
(4)
Recreational Unit Plans
Wildlife Management Unit Plans (Lake St. Lawrence W.M.U., etc.)
— Provincial Park Master Plans
Recreational Reserve Plans (e.g. North Georgian Bay)
- etc.
eng-
Resource Management Plans
e.g. - some Conservation Authority Area Plans
Forest Management Plans
Integrated Resource Management Area Plans
— etc.
3
Specific Wildlife Studies
e.g. - migratory bird pathology (C.W.S., M.N.R.)
— offshore waterfowl surveys (e.g. M.N.R. southern region)
- lower lakes spring, autumn waterfowl aerial surveys
(C.W.S. — Collins & Chandler, 1974)
- shoreline marsh studies (Maple District, M.N.R.)
— etc.
Private Wildlife Studies/Records
e.g. — University research (e.g. Queen's, eastern Lake Ontario)
— Naturalists — Christmas bird bounds since late 1800's,
Lake Erie area, Hunt Club Records, western Lake Erie.
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c
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re
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se
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at
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n
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su
ch
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th
e
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co
rd
s
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hu
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s
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d
na
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li
st
s
in
th
e
vi
ci
ni
ti
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of
ma
jo
r
ci
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es
an
d
we
st
er
n
La
ke
Er
ie
.
To
da
te
,
th
er
e
ha
s
be
en
no
at
te
mp
t
to
se
ar
ch
ar
ch
iv
es
in
or
de
r
to
de
ri
ve
th
is
in
fo
rm
a-
ti
on
.
Ye
t
we
re
ga
rd
su
ch
an
ex
er
ci
se
as
a
ne
ce
ss
it
y
in
de
fi
ni
ng
wh
at
wi
ld
li
fe
po
pu
la
ti
on
s
sh
ou
ld
be
on
th
e
la
ke
s
fo
r
th
e
be
ne
fi
t
of
th
is
,
an
d
fu
tu
re
,
generations.
SUMVIARY
Th
e
mo
st
co
mp
le
te
in
fo
rm
at
io
n
th
at
On
ta
ri
o
ha
s
to
of
fe
r
on
wi
ld
li
fe
is
th
e
ca
pa
bi
li
ty
of
it
s
la
nd
,
th
at
is
it
s
so
il
s,
to
po
gr
ap
hy
,
wa
te
r
re
so
ur
ce
s,
an
d
cl
im
at
e,
to
pr
od
uc
e
wi
ld
li
fe
.
In
fo
rm
at
io
n
on
wh
at
oc
cu
rs
in
th
is
pr
ov
in
ce
to
da
y,
th
ou
gh
in
co
mp
le
te
,
is
di
st
ur
bi
ng
,
si
nc
e
we
ar
e
se
ei
ng
sp
ec
ie
s
be
in
g
pl
ac
ed
in
je
op
ar
dy
by
ma
n'
s
ac
ti
on
s
be
fo
re
ou
r
ve
ry
ey
es
.
Th
e
hi
st
or
ic
in
fo
rm
at
io
n
on
wi
ld
li
fe
ab
un
da
nc
e
ha
s
ye
t
to
be
ta
pp
ed
,
ye
t
it
is
li
ke
ly
to
un
de
rl
in
e
to
da
y'
s
ob
se
rv
at
io
ns
.
Ar
ea
s
in
wh
ic
h
we
ma
y
ma
ke
tr
ad
e-
of
fs
to
fu
tu
re
de
ve
lo
pm
en
t
ha
ve
ye
t
to
be
de
fi
ne
d,
if
in
de
ed
th
ey
do
exist.
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R
o
b
e
r
t
s
o
n
;
Great
Lakes
Environmental
Research
Laboratory
National
Oceanic
and
Atmospheric
Administration
Ann Arbor, Michigan
Numerous
studies
have
shown
that
planktonic
organisms
can
be
valuable
!
indicators
of
environmental
conditions.
Beeton
(1966,
1969)
summarized
a
number
of
situations
in
the
Great
Lakes
where
changes
in
the
types
and
abundance
of
specific
plankton
species
were
related
to
environmental
change.
Thus,
atlases
depicting
the
distribution
of
specific
planktonic
taxa
or
processes
are
potentially
of
substantial
assistance
to
resource
managers
and
others
who
make
decisions
requiring
assessment
of
present
or
potential
envir—
/
onmental quality.
This
presentation
considers
the
procedures
to
be
used
and
the
priorities
to
be
followed
in
the development
of
such plankton
distribution
atlases.
It
is
based
primarily
on
our present
knowledge
of
Great
Lakes
plankton and
specifically
considers
the
following
questions
in regard
to
these
atlases:
(1)
What
time
and
space
scales would
be most
useful?
(2)
Which planktonic taxa or processes should receive priority
consideration?
(3) What is the present status with regard to data availability for
producing the high priority atlases?
WHAT TIME AND SPACE SCALES WOULD BE MOST USEFUL?
The time and space scales that are most desirable for plankton distribu—
tion atlases depend upon what the primary uses will be. If they are to be
used to assess the general baseline conditions in the Lakes, atlases of the
entire system, showing average conditions over a number of years, are needed.
If more specific questions concerning only one lake or even some subarea of a
lake are being considered, then atlases depicting the specific area but
showing greater detail than the atlases of the entire system are required.
For example, such detailed presentations could beused to help locate sites
of great biological importance that should therefore be avoided in the siting
of activities that cause substantial environmental degradation.
 
With regard to temporal scales, caution needs to be exercised in several
respects. For one thing, most planktonic organisms undergo very large seasonal
fluctuations in abundance. Thus, atlases depicting annual average conditions
121
 
 wi
ll
no
t
of
te
n
be
re
pr
es
en
ta
ti
ve
of
th
e
di
st
ri
bu
ti
on
at
an
y
on
e
po
in
t
in
ti
me
.
If
su
ch
is
ne
ed
ed
,
av
er
ag
e
di
st
ri
bu
ti
on
s
on
a
se
as
on
al
or
ev
en
mo
nt
hl
y
b
a
s
i
s
w
i
l
l
b
e
r
e
q
u
i
r
e
d
.
A
se
co
nd
no
te
of
ca
ut
io
n
re
la
te
s
to
th
e
fa
ct
th
at
th
e
Gr
ea
t
La
ke
s
ha
ve
un
de
rg
on
e
ex
te
ns
iv
e
ec
ol
og
ic
al
ch
an
ge
s
du
e
to
hu
ma
n
in
te
rf
er
en
ce
in
th
e
la
st
50
to
10
0
ye
ar
s
(B
ee
to
n,
19
65
;
Po
we
rs
an
d
Ro
be
rt
so
n,
19
66
).
Fo
r
th
is
re
as
on
,
a
t
l
a
s
e
s
a
v
e
r
a
g
i
n
g
al
l
a
v
a
i
l
a
b
l
e
pa
st
d
a
t
a
m
a
y
no
t
be
r
e
p
r
e
s
e
n
t
a
t
i
v
e
of
p
r
e
s
e
n
t
c
o
n
d
i
t
i
o
n
s
;
w
h
i
l
e
on
th
e
o
t
h
e
r
ha
nd
,
a
t
l
a
s
e
s
b
a
s
e
d
o
n
l
y
on
r
e
c
e
n
t
d
a
t
a
m
a
y
te
ll
yo
u
li
tt
le
ab
ou
t
pa
st
co
nd
it
io
ns
or
wh
at
pl
an
kt
on
ic
di
st
ri
bu
ti
on
s
wo
ul
d
be
if
po
ll
ut
io
n
an
d
nu
tr
ie
nt
en
ri
ch
me
nt
we
re
re
du
ce
d
to
co
nd
it
io
ns
mo
re
li
ke
th
os
e
fo
un
d
un
de
r
na
tu
ra
l
co
nd
it
io
ns
.
Th
us
,
if
th
e
at
la
se
s
ar
e
to
be
us
ed
to
de
te
ct
or
do
cu
me
nt
lo
ng
te
rm
ch
an
ge
s
or
tr
en
ds
in
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
,
se
ri
es
mu
st
be
pr
od
uc
ed
,
wi
th
ea
ch
me
mb
er
of
th
e
se
ri
es
sh
ow
in
g
co
nd
it
io
ns
ov
er
on
ly
a
li
mi
te
d
sp
an
of
ye
ar
s.
W
H
I
C
H
P
L
A
N
K
T
O
N
I
C
T
A
X
A
O
R
P
R
O
C
E
S
S
E
S
S
H
O
U
L
D
R
E
C
E
I
V
E
P
R
I
O
R
I
T
Y
CONSIDERATION?
It
wo
ul
d
un
do
ub
te
dl
y
be
us
ef
ul
to
pr
od
uc
e
at
la
se
s
fo
r
a
gr
ea
t
ma
ny
di
ff
er
en
t
pl
an
kt
on
ta
xa
an
d
pr
oc
es
se
s
if
we
co
ul
d
af
fo
rd
th
e
ti
me
an
d
mo
ne
y
to
ac
qu
ir
e
th
e
ap
pr
op
ri
at
e
da
ta
an
d
to
co
ns
tr
uc
t
th
e
ma
ps
;
ho
we
ve
r,
wi
th
li
mi
te
d
re
so
ur
ce
s
it
is
ob
vi
ou
sl
y
ne
ce
ss
ar
y
to
se
t
pr
io
ri
ti
es
in
so
me
fa
sh
io
n.
I
pr
op
os
e
th
at
in
it
ia
l
ef
fo
rt
s
be
de
vo
te
d
to
pr
od
uc
in
g
at
la
se
s
fo
r
th
e
ta
xa
an
d
pr
oc
es
se
s
th
at
ha
ve
be
en
sh
ow
n
by
pa
st
st
ud
ie
s
to
ha
ve
sp
ec
ia
l
us
ef
ul
ne
ss
as
in
di
ca
to
rs
of
en
vi
ro
nm
en
ta
l
qu
al
it
y.
Th
is
sh
ou
ld
pr
ov
id
e
th
e
gr
ea
te
st
he
lp
to
re
so
ur
ce
ma
na
ge
rs
.
Ap
pl
yi
ng
th
is
cr
it
er
io
n
to
th
e
ph
yt
op
la
nk
to
n,
a
nu
mb
er
of
sp
ec
ie
s
of
di
at
om
s
(B
ac
il
la
ri
op
hy
ta
)
pl
us
th
e
gr
ou
p
as
a
wh
ol
e
im
me
di
at
el
y
co
me
to
mi
nd
as
pr
im
e
ca
nd
id
at
es
fo
r
in
cl
us
io
n.
Ex
am
pl
es
of
th
e
us
e
of
th
es
e
fo
rm
s
as
en
vi
ro
nm
en
ta
l
in
di
ca
to
rs
ar
e
pr
ov
id
ed
in
re
po
rt
s
by
St
oe
rm
er
gt
a1
.
(1
97
5)
on
La
ke
On
ta
ri
o,
St
oe
rm
er
an
d
Ya
ng
(1
96
9)
on
La
ke
Mi
ch
ig
an
,
an
d
Ho
hn
(1
96
9)
on
we
st
er
n
La
ke
Er
ie
.
Th
e
bl
ue
—g
re
en
al
ga
e
(C
ya
no
ph
yt
a)
,
bo
th
in
di
vi
du
al
sp
ec
ie
s
an
d
th
e
gr
ou
p
as
a
wh
ol
e,
ha
ve
al
so
be
en
sh
ow
n
to
ha
ve
su
bs
ta
nt
ia
l
va
lu
e
as
en
vi
ro
nm
en
ta
l
in
di
ca
to
rs
,
fo
r
ex
am
pl
es
se
e
St
oe
rm
er
g£
_§
1.
(1
97
5)
an
d
Og
aw
a
an
d
Ca
rr
(1
96
9)
an
d
sh
ou
ld
re
ce
iv
e
pr
io
ri
ty
at
te
nt
io
n.
In
th
e
zo
op
la
nk
to
n,
tw
o
gr
ou
ps
of
mi
cr
oc
ru
st
ac
ea
ns
,
th
e
co
pe
po
ds
an
d
cl
ad
oc
er
an
s,
ha
ve
re
ce
iv
ed
th
e
mo
st
at
te
nt
io
n
as
en
vi
ro
nm
en
ta
l
in
di
ca
to
rs
in
th
e
Gr
ea
t
La
ke
s.
Ex
am
pl
es
of
th
ei
r
us
ef
ul
ne
ss
ar
e
pr
ov
id
ed
in
st
ud
ie
s
by
Pa
ta
la
s
(1
96
9)
an
d
by
Mc
Na
ug
ht
,
Bu
zz
ar
d,
an
d
Le
vi
ne
(1
97
5)
,
bo
th
in
La
ke
On
ta
ri
o,
an
d
by
Ga
nn
on
(1
97
4)
,
in
Gr
ee
n
Ba
y.
A
nu
mb
er
of
th
e
ma
jo
r
sp
ec
ie
s
as
we
ll
as
th
e
nu
mb
er
s
of
to
ta
l
in
di
vi
du
al
s
in
th
es
e
gr
ou
ps
sh
ou
ld
be
su
bj
ec
t
for atlases.
Am
on
g
th
e
pr
oc
es
se
s,
me
as
ur
em
en
ts
of
pr
im
ar
y
pr
od
uc
ti
vi
ty
an
d
th
e
re
la
te
d
me
as
ur
em
en
ts
of
ch
lo
ro
ph
yl
l
se
em
th
e
mo
st
pr
om
is
in
g
fo
r
in
cl
us
io
n
as
il
lu
st
ra
te
d
fo
r
La
ke
Hu
ro
n
by
Gl
oo
sc
he
nk
o,
Mo
or
e,
an
d
Vo
ll
en
we
id
er
(1
97
3)
an
d
fo
r
La
ke
s
Er
ie
an
d
On
ta
ri
o
by
Gl
oo
sc
he
nk
o
g£
_a
l.
(1
97
4)
.
122
 
ed
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P
R
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A
A
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A
I
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A
B
I
L
I
T
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F
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R
P
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U
C
I
N
G
T
H
E
H
I
G
H
P
R
I
O
R
I
T
Y
A
T
L
A
S
E
S
?
In
t
h
e
s
e
c
t
i
o
n
o
n
t
i
m
e
a
n
d
s
p
a
c
e
s
c
a
l
e
s
,
s
e
v
e
r
a
l
t
yp
e
s
of
a
t
l
a
s
e
s
w
e
r
e
discussed.
As
each
type
requires
a
somewhat
different
data
base,
the
various
types
will
be
considered
separately
as
to
data
availability.
(1)
Atlases
for
the
Entire
Great
Lakes
System
Averaged
Over
Many
Years
As
this
type
of
atlas
can
use
any
reliable
data
available
on
the
distri—
bution
of
the
taxon
or
process
under
consideration,
it
is
the
type
for
which
we
are
most
likely
to
have
adequate
data
available.
For
a
number
of
the
taxa
in
the
high
priority
groups
and
for
chlorophyll,
there
are
new
large
data
sets
available
that
record
concentrations
over
large
areas
for
substantial
periods
of
time.
The
data
from
these
various
sources
could
be
combined
to
provide
overall
representations
of
the
distribution
of
a
specific
taxon
or
of
chlorophyll
in
the
Great
Lakes.
In
a
crude
manner
I
attempted
to
do
this
for
the
Great
Lakes
calanoid
copepods
in
a
previous
paper
(Robertson
1966).
In
that
study,
maps
were
developed
showing
each
place
a
species
had
been
reported
in
the
Great
Lakes,
but
with
no
indication
of
abundance.
It
should
be
noted
here
that
plankton
sampling
and
counting
are
carried
out
by
a
wide
variety
of
methods.
Probably
no
one
method
provided
quantita-
tively
accurate
results
for
all
or
even
a
majority
of
the
species
of
plankton.
Thus,
if
distribution
atlases
are
to
be
constructed
using
the
results
from
more
than
one
study,
extreme
caution must
be exercised
to
identify
and
take
into account
biases
in results
arising
from differences
in methodology.
(2) Atlases Showing Seasonal Trends
A
large majority of
the
plankton
samples
that have
been collected
in
the
Great Lakes were taken during the warm half of the year.
Thus, in a number
of instances, it will be possible to construct a series of distributional
atlases showing the seasonal changes in distribution for the taxon under
consideration during this time.
However, this will usually not be possible
for the colder period and so only partial portrayal of the seasonal fluctua-
tions will be possible.
(3) Atlases for One Lake or a Subarea of a Lake Averaged Over Many Years
Recently a number of rather detailed studies covering periods of a few
months to a year or somewhat more have been carried out on the plankton of
specific lakes or major subareas (e.g., McNaught, Buzzard, and Levine, 1975;
Stoermer et al., 1975; Watson and Carpenter, 1974). However, for any one
limited area—Ehere are usually only one or two detailed studies available.
Thus, it will usually not be possible to produce atlases of average distri—
butions for small areas with the presently available data.
(4) Atlases of Historical Trends
Although there have beena number of large studies of plankton distribu-
tion recently, comparable studies for years before about 1960 are not usually
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 avai
labl
e.
The
lack
of t
hese
earl
ier
stud
ies
make
s it
impo
ssib
le,
in m
ost
cas
es,
to
con
str
uct
atl
ase
s o
f h
ist
ori
cal
tre
nds
ove
r a
ny
app
rec
iab
le
per
iod
of time.
CONCLUSIONS AND RECOMMENDATIONS
Atl
ase
s o
f c
ert
ain
asp
ect
s o
f t
he
pla
nkt
on
off
er
pro
mis
e a
s a
ids
for
res
our
ce
man
age
men
t.
Unf
ort
una
tel
y,
the
dat
a n
eed
ed
to
pro
duc
e m
any
of
the
atl
ase
s t
hat
wou
ld
be
use
ful
are
not
ava
ila
ble
.
The
re
are
, h
owe
ver
, c
ert
ain
asp
ect
s,
e.g.
the
con
cen
tra
tio
n o
f c
hlo
rop
hyl
l a
nd
the
abu
nda
nce
of
a n
umb
er
of
imp
ort
ant
spe
cie
s,
for
whi
ch
atl
ase
s,
at
lea
st
on
the
sca
le
of
the
ent
ire
sys
tem
, c
an
be
pro
duc
ed
at
thi
s t
ime
.
It
is
rec
omm
end
ed
tha
t a
pre
lim
ina
ry
eff
ort
be
ini
tia
ted
to
pro
duc
e s
uch
atl
ase
s f
or
sev
era
l o
f t
hes
e a
spe
cts
in
orde
r to
allo
w de
term
inat
ion
of t
he f
easi
bili
ty a
nd u
sefu
lnes
s of
a mo
re
exte
nsiv
e pr
ogra
m of
envi
ronm
enta
l ma
ppin
g in
volv
ing
the
plan
kton
.
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INTRODUCTION
A
r
e
a
s
of
lakes
that
are
of
importance
for
r
e
c
r
e
a
t
i
o
n
a
l
use
and
fish
production
are
commonly
referred
to
as
"high
value
areas".
Mapping
of
these
areas
would
contribute
towards
the
proper
environmental
management
and
main—
tenance of lakes.
In
order
to
preserve
these
areas
adequate
control
measures
are
necessary
to
restrict
and,
if
possible,
eliminate
polluted
or
enriched
sectors
of
lakes.
It
is
therefore
essential
that
existing
and
potential
problem
areas
be
identified
and
characterized.
Bacterial
types
and
density
distributions
may
be
used
to
monitor
polluted
or
excessively
enriched
areas
of
lakes.
This
report
is
a
summary
of
Lake
Superior
bacteriological
data,
collected
during
1973
as
part
of
the
IJC
Upper
Lakes
Study.
Data
were
collected
to
establish
the
present
baseline
bacterial
levels
for
non-polluted
lake
waters
and
to
identify
present
and
developing
problem
areas.
In
future,
it
is
hoped
to
monitor
these
areas
for
changing
conditions
from:
(1) material input, and
(2)
efforts
of
possible
control
measures.
Data
summarized
reflect
the
nearshore-offshore
distributions
of
health
orientated
bacterial
populations
(coliforms,
fecal
coliforms,
and
fecal
strep-
tococci)
and
aerobic
heterotrophs,
thus
conforming
to
the
specific
Canada/
U.S.
Water
Quality
Objectives
in
the
Great
Lakes
Water
Quality
Agreement.
BACTERIOLOGICAL
SAMPLING
AND
PROCEDURES
During the surveys approximately 117 stations (Figure l) were sampled at
1 m, 10 m and 50 m depth, and a few other stations where additional samples
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y
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o
r
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o
t
a
l
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o
l
i
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o
r
m
s
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M
F
)
,
f
e
c
a
l
c
o
l
i
f
o
r
m
s
(
M
F
)
,
f
e
c
a
l
s
t
r
e
p
t
o
c
o
c
c
i
(
M
F
)
a
n
d
a
e
r
o
b
i
c
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
l
p
o
p
u
l
a
t
i
o
n
s
(
2
0
°
C
,
7
d
a
y
s
)
.
T
h
e
d
e
t
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i
l
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d
t
e
c
h
n
i
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a
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p
r
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c
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u
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S
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i
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(
D
ut
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,
1
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6
)
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B
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T
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L
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p
p
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o
n
s
s
a
m
p
l
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d
w
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r
e
e
s
s
e
n
t
i
a
l
l
y
f
r
e
e
f
r
o
m
t
h
e
h
e
a
l
t
h
o
r
i
e
n
t
a
t
e
d
b
a
c
t
e
r
i
a
l
i
n
d
i
c
a
t
o
r
s
t
r
a
d
i
t
i
o
n
a
l
l
y
u
s
e
d
t
o
d
e
t
e
r
m
i
n
e
p
o
t
e
n
t
i
a
l
h
e
a
l
t
h
h
a
z
a
r
d
s
(
c
o
l
i
f
o
r
m
s
a
n
d
f
e
c
a
l
c
o
l
i
f
o
r
m
s
)
.
H
o
w
e
v
e
r
d
e
p
e
n
d
i
n
g
o
n
t
h
e
m
o
n
t
h
s
a
m
p
l
e
d
s
o
m
e
i
n
s
h
o
r
e
a
r
e
a
s
c
o
u
l
d
b
e
c
o
n
s
i
d
e
r
e
d
d
e
g
r
a
d
e
d
a
n
d
p
o
t
e
n
t
i
a
l
l
y
h
a
z
a
r
d
o
u
s
t
o
h
e
a
l
t
h
i
n
c
o
m
p
a
r
i
s
o
n
t
o
t
h
e
r
e
s
t
o
f
t
h
e
l
a
k
e
,
a
l
t
h
o
u
g
h
t
h
e
I
J
C
O
b
j
e
c
t
i
v
e
s
w
e
r
e
r
a
r
e
l
y
v
i
o
l
a
t
e
d
.
A
s
i
g
n
i
f
i
c
a
n
t
s
e
a
s
o
n
a
l
t
r
e
n
d
w
a
s
o
b
s
e
r
v
e
d
i
n
t
h
e
n
e
a
r
s
h
o
r
e
a
r
e
a
s
a
n
d
(
F
i
g
u
r
e
s
2
—
5
)
w
h
e
r
e
c
o
l
i
f
o
r
m
c
o
u
n
t
s
i
n
c
r
e
a
s
e
d
t
h
r
o
u
g
h
o
u
t
t
h
e
s
e
a
s
o
n
a
n
d
f
e
c
a
l
c
o
l
i
f
o
r
m
s
a
n
d
f
e
c
a
l
s
t
r
e
p
t
o
c
o
c
c
i
p
o
p
u
l
a
t
i
o
n
s
f
l
u
c
t
u
a
t
e
d
s
l
i
g
h
t
l
y
.
A
e
r
o
b
i
c
h
e
t
e
r
o
t
r
o
p
h
s
i
n
c
r
e
a
s
e
d
i
n
i
t
i
a
l
l
y
b
u
t
d
e
c
l
i
n
e
d
f
o
l
l
o
w
i
n
g
a
n
a
p
p
a
r
e
n
t
p
e
a
k
i
n
July and August.
O
n
a
l
a
k
e
w
i
d
e
b
a
s
i
s
,
h
o
w
e
v
e
r
,
t
o
t
a
l
c
o
l
i
f
o
r
m
s
i
n
c
r
e
a
s
e
d
l
e
s
s
s
h
a
r
p
l
y
a
n
d
by
N
o
v
e
m
b
e
r
h
a
d
d
r
o
p
p
e
d
to
early
summer
levels.
Fecal
coliforms,
fecal
strep-
tococcus
and
a
e
r
o
b
i
c
h
e
t
e
r
o
t
r
o
p
h
i
c
b
a
c
t
e
r
i
a
l
p
o
p
ul
a
t
i
o
n
sizes
remained
relatively constant.
Horizontal
distribution
of
the
bacterial
population
is
illustrated
in
Figure
6
and
it
is
evident
that
the
main
body
of
the
lake
is
free
from
detect-
able
bacterial
contamination.
In
coastal
areas
the
bacterial
densities
were
higher.
These
areas
could
be
future
problem
areas
(Table
1).
Having
identified
the
bacterial
concentrations
in
the
lake,
attempts
were
made
to
determine
the
factors
influencing
the
bacterial
distribution
patterns.
One
important
factor
which
appeared
to
be
related
to
bacterial
distribution
was
the
temperature,
particularly
on
a
lakewide
basis
(Figure
7a),
where
bacterial
densities
increase
from
June
until
September,
after
which
levels
started
to
decline.
A
similar
relationship
existed
in
the
nearshore
areas
of
the
lake
until
the
September—October
period,
when
heterotroph
densities
increased
despite
the
decrease
in
4°C
temperature
in
November
(Figure
7b).
This
increase
of
bacteria
during
the
fall—winter
period
may
be
due
to
nearshore
upwelling
and
land
runoff
resulting
in
higher
concentrations
of
nutrients
(Carlucci,
1976).
C
O
N
C
L
U
S
I
O
N
S
A
N
D
R
E
C
O
M
M
E
N
D
A
T
I
O
N
S
Mapping bacterial
distributions
in
a lake
could be valuable
in determining
management
strategy.
The
data
provide
resource
managers
with
background
information
for
which
a
mechanism(s)
can
be
established
to
restrict
these
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 TABLE 1
NEARSHORE AREAS IN LAKE SUPERIOR
WHICH HAVE BEEN IDENTIFIED AS
POTENTIAL PROBLEM AREAS
 
REGION<1> CONCERN
Marathon A<2> 8(3)
Thunder Bay(4) A B
Jackfish Bay(4) A
Nippigon Bay(4) A B
Duluth Superior A B
Bachawana Area B
Ashland A B
(1)
These regions are potential point source study sites.
(2) Potential health hazards area.
(3) Potential eutrophication area.
(1+)
Areas where IJC health indicator organisms exceeded
IJC objectives.
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th
e
of
fs
ho
re
wa
te
rs
an
d
th
e
ot
he
r
cl
ea
rl
y
de
fi
ni
ng
specific point source areas.
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Mu
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s
be
en
re
po
rt
ed
ov
er
th
e
pa
st
fe
w
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ca
de
s
ab
ou
t
th
e
di
st
ri
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ti
on
,
ec
ol
og
y
an
d
in
fl
ue
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e
of
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th
e
Gr
ea
t
La
ke
s.
Th
e
sa
me
ca
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ot
be
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id
ab
ou
t
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op
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te
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Ve
ry
li
tt
le
in
fo
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at
io
n
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s
be
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pu
bl
is
he
d
co
nc
er
ni
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th
ei
r
di
st
ri
bu
ti
on
,
ev
en
le
ss
on
th
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r
ec
ol
og
y
an
d
fu
nc
ti
on
wi
th
in
th
e
Gr
ea
t
La
ke
s
sy
st
em
.
Al
th
ou
gh
ro
ot
ed
aq
ua
ti
cs
ma
y
be
fo
un
d
in
sh
el
te
re
d
em
ba
ym
en
ts
an
d
in
ri
ve
rs
co
nn
ec
ti
ng
th
e
la
ke
s,
fe
w
ap
pe
ar
to
be
fo
un
d
at
pr
es
en
t
in
th
e
la
ke
s.
Sh
ea
r
an
d
Ko
na
se
wi
ch
(1
97
5)
re
ce
nt
ly
ed
it
ed
a
co
mp
re
he
ns
iv
e
re
po
rt
on
CZ
ad
op
ho
ra
,
th
at
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s
ba
se
d
pr
im
ar
il
y
on
a
re
po
rt
pr
ep
ar
ed
by
Jo
hn
Ne
il
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we
ll
as
th
e
in
pu
ts
fr
om
a
nu
mb
er
of
at
te
nd
ee
s
at
an
IJ
C
Fe
br
ua
ry
19
—2
1,
19
75
wo
rk
—
sh
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.
Th
is
pa
pe
r
wi
ll
no
t
at
te
mp
t
to
pr
ov
id
e
th
e
in
de
pt
h
su
mm
ar
y
on
Cl
ad
op
ho
ra
re
se
ar
ch
th
at
wa
s
do
ne
in
th
at
IJ
C
pu
bl
ic
at
io
n.
In
st
ea
d
we
wi
ll
di
sc
us
s
th
e
di
st
ri
bu
ti
on
s,
be
ne
fi
ts
an
d
pr
ob
le
ms
ca
us
ed
by
Cl
ad
op
ho
ra
as
we
ll
as
ot
he
r
macrophytes in the Great Lakes.
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p
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b
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;
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m
p
b
e
l
l
,
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;
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aa
ss
en
,
18
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;
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au
se
n,
19
40
;
Co
wl
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,
19
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;
Do
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e,
19
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;
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rw
el
l,
19
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;
Fa
ss
et
t,
19
40
;
Fe
rn
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d,
19
50
;
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19
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i
n
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Ne
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y,
18
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;
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,
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;
Ta
ft
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d
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,
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;
Va
se
y,
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70
;
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d
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ss
,
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m
o
s
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t
h
e
s
e
r
e
p
o
r
t
s
c
o
n
t
a
i
n
e
d
l
i
t
t
l
e
i
n
f
o
r
m
a
t
i
o
n
on
th
e
ex
te
nt
of
gr
ow
th
.
Th
e
f
o
l
l
o
wi
n
g
is
a
s
um
m
a
r
y
of
th
e
di
st
ri
bu
ti
on
of
Cl
ad
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ho
ra
an
d
ma
cr
op
hy
te
s
in
th
e
Gr
ea
t
La
ke
s
Ba
si
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LAKE SUPERIOR
Ward, discussing the upper Great Lakes in general, commented on the small
numbers of large plants present along the shores (Ward, 1896). He attributed
this to the constant wave action and the small amount of shallow water within
the lakes (Ward, 1895). Eddy (1943) found no submerged rooted aquatics along
the Minnesota shore of Lake Superior.
Smith, in 1871, reported finding scattered tufts of CZadophora on the
rock dredged from a depth of 24-27 m in Simmons Harbor on the north shore of
the lake. He also found "great quantities of the algae within a small harbor
on the south side of St. Ignase Island". Today, comparatively minor growth
has been reported at Ashland, Wisconsin and Thunder Bay, Ontario (Shear and
Konasewich, 1975).
Small amounts of CZadOphora have been identified from
various rocky sites in the boundary environment of the lake (Adams and Kregear,
1969).
Eddy (1943) commented that boulders located from 1 to 6.1 m deep in
sheltered coves were covered with a heavy ooze of diatoms and ditritus.
Only
small tufts of CZadbphora or Spirogyra were present.
He also reported finding
CZadophora profunda var.
Nordstendiana clinging to pebbles dredged from 183 m
depths.
LAKE MICHIGAN
In his examination of Lake Michigan in the late 19th century, Ward comments
on
the
rarity
of mud
flats
and
aquatic
vegetation within
the
lake.
He
stated
that
"the
most
striking peculiarity
was
the
entire
absence
of
larger
plants
in
the
part
of
the
lake
examined".
The
only
areas
of
rooted
aquatics
encountered
were
beds
of
Chara
in High
Island
Harbor
and
aquatic
macrophytes
in Oyster
Bay.
He
also
reported
finding
a
few
threads
of
Cladophora
on
rocks
brought
to
the
surface
by
dredge.
He
did,
however,
frequently
find
the
algae
in
the
stomach
contents
of
whitefish
(Ward,
1896).
Herbst
(1969)
indicated
that
growth
of
Cladophora
in
Lake
Michigan
extends
along
the
western
shore
over
150
km
from
Manitowoc
to
Kenosha,
Wisconsin.
The
Michigan
Water
Resources
Commission
(1968)
indicated
that
within
the
Michigan
portion
of
the
lake,
Spirogyra
is
a
greater
problem
than
CZadophora.
CZadophora
tended
to
settle
to
the
bottom
of
the
lake
while
the
Spirogyra
would
remain
suspended
and
proved
to
be
an
annoyance
to
swimmers
in
that
it
stained
bathing
suits.
The
western
portion
of
Green
Bay
forms
an
indistinct
shoreline
and
in
the
1960's
was
covered
by
a
broad
band
of
aquatic
vegetation
extending
from
the
city
of
Green
Bay,
Wisconsin
to
Escanaba,
Michigan.
Recent
high
water
levels
have
greatly
diminished
the
amounts
of
habitat
(Bertrand
e£_al.,
1975).
In
addition,
growth
of
Cladophora
extends
in
diminishing
quantities
from
the
mouth
of
the
Fox
River,
at
the
southern
end
of
Green
Bay,
along
the
eastern
shore
of
the
Bay
(Shear and Konasewich, 1975).
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LAKE HURON
The general shoreline of Lake Huron is apparently free of aquatic macro-
phytes; at least no mention could be found in the literature surveyed. Reference
is made, however, to the marshy region along the southeast shore of Saginaw Bay
from Bay City to Caseville, Michigan (Shear and Konasewich, 1975).
Cladophora is present in the lake, but in general, not in nuisance amounts.
John Robinson of the Michigan Water Resources Commission reported in Shear and
Konasewich (1975) that little growth was found along the western shore north of
Saginaw Bay. Within the bay, extensive growth was present along the northern
and southern shores wherever there was suitable substrate and extended south
along the western shore of the lake itself for an additional 40 km. Along the
eastern (Canadian) shore moderate to heavy growth occurred near a number of
cities and villages.
LAKE ERIE
In 1778, Carver wrote of his travels a decade earlier along western Lake
Erie. He described the banks of the islands as being covered with pond lily,
the leaves of which overlayed the water surface for acres (Carver, 1778). Wild
rice was found at the mouths of the rivers between Sandusky and the Detroit
River (Brown, 1815). Marshes, prevalent along the Maumee River, contained pond
lily and other aquatic plants in such great numbers that they almost blocked
the channel of the river (Sabrevois de Bleaury, 1718; Brown, 1815).
Between the 1870's and 1925 most of the rooted vegetation was essentially
eliminated from the main areas of the lake (Taft and Kishler, 1973). In 1935
and 1936 macrophytes could still be found in Put—in—Bay, Bass Harbor and in
East Harbor on the mainland. Dense mats grew, protected from the open lake
(Krecker, 1939). Put—in-Bay has shown, however, a continued reduction. Species
of higher plants within the Bay have been reduced by one—half the past century
(Stuckey, 1969).
Piet
ers
(190
1) r
epor
ted
find
ing
nine
spec
ies
of C
haro
phyt
es a
roun
d th
e
west
ern
isla
nds.
By t
he m
iddl
e 19
40's
only
four
spec
ies
were
pres
ent
(Woo
d,
194
7).
Eve
n w
ith
an
inc
rea
se
in
div
ing
aro
und
the
isl
and
s,
non
e w
ere
fou
nd
in
the decade prior to 1968 (Taft and Kishler, 1973).
Dav
is
(196
9)
rep
ort
ed
a d
ecr
eas
e i
n a
qua
tic
veg
eta
tio
n w
ith
in
the
bay
s a
nd
pon
ds
of
the
lake
.
He
att
rib
ute
d i
t t
o c
arp
and
inc
rea
sed
tur
bid
ity
.
Kin
g a
nd
Hun
t (
1967
) f
oun
d t
hat
veg
eta
tio
n d
ens
ity
in
a w
est
ern
Lak
e E
rie
mar
sh
was
inversely proportioned to the carp population.
Unl
ike
the
mac
rop
hyt
es,
Cla
dop
hor
a h
as
con
tin
ued
to
inc
rea
se
thr
oug
hou
t
the
lake
.
It
was
fir
st
ide
nti
fie
d f
rom
the
lak
e i
n 1
847
(Ba
ile
y,
184
7 a
nd
184
8).
Bet
wee
n 1
865
and
190
7 t
her
e w
ere
abu
nda
nt
gro
wth
s i
n t
he
are
a o
f B
ass
Isl
and
(Pieters, 1901; Taft and Kishler, 1973).
 
  
In recent times, the problem has continued and increased. A 1970 Inter—
national Joint Commission report stated that CZadophora covered 10.4 km of the
island area of the lake. Taft and Kishler (1973) indicated that the algae
overspread 18 kmz. Growth along the southshore of the eastern basin extended
over 90 km2 (Shear and Konasewich, 1975).
There have been increased problems
along the beaches of Ohio, Pennsylvania and New York.
It was estimated that,
within this region, 374 km of shoreline were covered with growth of Cladophora.
On the northern shore, extensive growth
was found between Port Dover and Fort
Erie (IJC 1970).
Approximately 20 km2 of CZadbphora grows within the 72 km of
shoreline
from Port
Maitland
to
Fort
Erie
(MOE,
1973).
LAKE ONTARIO
Again, as in the other lakes, macrophytes are restricted to embayments and
harbors.
While collecting benthic organisms in Toronto Harbor, Nicholson
mentioned finding luxuriant growth of Chara and Anacharis Canadensis and dense
growth
of
"weeds
of
different
kinds"
(Nicholson,
1873).
Tressler
and
Austin
(1940)
mention
"weeds"
and
"weed beds"
found
in North
Pond,
South
Pond,
Sodus
Bay,
Irondequioit
Bay
(by indirect
reference)
and
the
Salmon River.
Macrophytes
are
still
present
in
these
areas
and
in
a
number
of
other
harbors
and
bays
around
the lake.
In
1915,
Kindle
reported
finding
Cladophora
profunda
var.
Nordstediana
at
a
depth
of
45.7
m
in
Lake
Ontario.
By
the
late
1950's
the
problems
connected
with
the
excess
growth
of
CZadophora
were
severe
enough
that
the
Ontario
Water
Resources
Commission
held
a
series
of
meetings
in
an
attempt
to
define
the
extent
of
the
problem
and
to
look
toward
possible
solutions
(OWRC,
1959).
Today,
Cladophora
covers
essentially
all
of
the
shoreline
of
the
lake
wherever
there
is
suitable
substrate.
Results
of
studies
carried
out
as
part
of
the
International
Field
Year
for
the
Great
Lakes,
indicates
that
66%
of
the
shore
between
Niagara
and
Rochester,
New
York
are
covered
with
CZadophora.
East
of
Rochester,
79%
of
the
nearshore
zone
maintained
a
growth
(Wezernak
§£_gl.,
1974).
On
the
Canadian
shore,
there
is
continuous
growth
from
Hamilton
to
Toronto.
From
Toronto
to
Presquile
Point
near
Kingston,
about
one-third
of
the
shoreline
is
covered
(IJC,
1970).
Storr
and
Sweeney
(1971)
observed
that
the
extent
of
CZadophora
growth
off
Rochester
and
Oswego
was
limited
by
the
quantity
of
light,
particularly
the
photoperiod.
They
also
noted
that
vegetative
growth
essentially
ceased
when
the
water
temperature
exceeded
25°C.
LAKE
ST.
CLAIR
AND
CONNECTING
WATERS
Early
studies
of
Lake
St.
Clair
reported
that
the
bottom
was
essentially
covered
with
Chara.
In
addition,
the
waters
along
the
north
shore
contained
rooted
aquatics
(Reighard,
1894
and
Ward,
1894).
Macrophytes
are
still
present
in
Anchor
Bay;
along
the
north,
south
and
east
shore;
and
along
the
ship
c
h
a
n
n
e
l
(Hiltunen,
1971).
H
i
l
t
u
n
e
n
(personal
communication)
also
n
o
t
e
d
that
extensive
beds
of
Chara
still
exist
within
the
lake.
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Cam
pbe
ll
(18
86)
rep
ort
ed
fin
din
g r
oot
ed
aqu
ati
cs
thr
oug
hou
t t
he
Det
roi
t
Riv
er.
Lit
tle
or
no
sig
nif
ica
nt
cha
nge
s
hav
e
occ
urr
ed
in
the
sub
mer
ged
flo
ra
fro
m 1
885
to
195
5 e
ith
er
in
the
spe
cie
s,
dis
tri
but
ion
or
abu
nda
nce
(Hu
nt,
196
3).
The
Nia
gar
a R
ive
r h
as
had
ext
ens
ive
gro
wth
of
Cla
dop
hor
a f
or
alm
ost
a
cen
tur
y.
Day
(18
82)
rep
ort
ed
tha
t a
lga
e g
rew
eve
ryw
her
e
the
cur
ren
t w
as
str
ong
.
Bee
ton
(19
68)
not
ed
ext
ens
ive
acc
umu
lat
ion
s
of
Cla
dop
hor
a i
n t
he
vic
ini
ty
of
Niagara Falls.
The
Tho
usa
nd
Isl
and
s
reg
ion
of
the
St.
Law
ren
ce
Riv
er
is
gre
atl
y a
ffe
cte
d
by
lar
ge
gro
wth
s o
f a
qua
tic
pla
nts
.
CZa
dOp
hor
a d
oes
not
app
ear
to
be
a m
ajo
r
pro
ble
m b
eca
use
of
the
ste
ep
gra
die
nts
alo
ng
the
riv
er
and
the
ext
ens
ive
gro
wth
of macrophytes (IJC, 1970).
ECONOMIC IMPACT
NEGATIVE
Ext
ens
ive
gro
wth
of
aqu
ati
c
mac
rop
hyt
es
can
be
an
obs
tru
cti
on
to
the
mov
e-
men
t
of
ple
asu
re
cra
ft.
In
add
iti
on
the
y c
an
des
tro
y
spo
rt
fis
hin
g
are
as.
Thi
s
has
occ
urr
ed
in
the
Th0
usa
nd
Isl
and
s
reg
ion
of
the
St.
Law
ren
ce
Riv
er
(IJ
C,
19
70
).
Th
e
sa
me
pr
ob
le
m
ca
n
be
fo
un
d
wi
th
in
em
ba
ym
en
ts
an
d
ha
rb
or
s.
Tr
ai
ls
hav
e
had
to
be
cut
or
her
bic
ide
s
use
d
to
per
mit
mov
eme
nt
of
sma
ll
boa
ts
to
and
from marinas and docks.
In
sum
mer
,
lar
ge
mas
ses
of
Cla
dop
hor
a
bre
ak
awa
y
fro
m t
he
sub
str
ate
and
eit
her
acc
umu
lat
e
in
flo
ati
ng
mat
s
or
was
h
ash
ore
.
Thi
s
has
res
ult
ed
in
wid
e-
Spr
ead
pro
ble
ms,
esp
eci
all
y
in
the
low
er
lak
es
and
in
sou
the
rn
Lak
e M
ich
iga
n.
Whe
n
flo
ati
ng
mas
ses
was
h
ash
ore
,
the
acc
umu
lat
ion
of
the
alg
ae
and
the
sub
seq
uen
t
ste
nch
cau
sed
by
dec
ay
can
res
ult
in
eco
nom
ic
los
s
to
the
rec
rea
tio
n
in
du
st
ry
an
d
to
pr
iv
at
e
ow
ne
rs
(OW
RC,
19
59
).
Pa
rk
s
an
d
ot
he
r
re
cr
ea
ti
on
ar
ea
s
Wil
l
not
be
use
d w
hen
the
alg
ae
has
pil
ed
up
on
the
bea
che
s.
In
add
iti
on,
peo
ple
wil
l
not
ret
urn
to
pla
ces
whe
re
the
y b
eli
eve
the
pro
ble
m
exi
sts
.
Lab
or
cos
ts
to
par
ks
for
rem
ova
l
and
cle
an
up
of
bea
che
s
can
run
as
hig
h
as
$2,
000
to
ove
r
$14
,00
0
ann
ual
ly
(Sh
ear
and
Kon
ase
wic
h,
197
5).
Lak
e
fro
nt
rea
l
est
ate
pri
ces
can
als
o
be
aff
ect
ed.
0n
the
nor
th
sho
re
of
eas
ter
n L
ake
Eri
e,
the
pr
es
en
ce
of
CZ
ad
op
ho
ra
al
on
g
a
sh
or
e
ca
n
re
du
ce
pr
op
er
ty
va
lu
es
by
15
to
20
%
(O
me
ro
d,
19
70
).
v
If
th
e
al
ga
l
ma
ts
fl
oa
t
ou
t
in
to
th
e
la
ke
,
ot
he
r
pr
ob
le
ms
ma
y
ar
is
e.
Fi
sh
ne
ts
ca
n
be
co
me
fo
ul
ed
by
la
rg
e
ac
cu
mu
la
ti
on
s
(V
er
du
in
,
19
69
).
Th
is
me
an
s
th
e
fi
sh
er
me
n
ha
ve
to
pu
ll
an
d
cl
ea
n
th
ei
r
ne
ts
mo
re
of
te
n.
In
ad
di
ti
on
,
fo
ul
in
g
reduces the yield of fish.
Ma
ss
es
of
al
ga
e
ca
n
al
so
ob
st
ru
ct
in
ta
ke
s
of
in
du
st
ri
es
an
d
mu
ni
ci
pa
li
ti
es
dr
aw
in
g
wa
te
r
fr
om
th
e
la
ke
s.
Cl
og
ge
d
se
rv
ic
e
li
ne
s
ca
rr
yi
ng
wa
te
r
to
th
e
On
ta
ri
o
Hy
dr
o
nu
cl
ea
r
pl
an
t
at
Pi
ck
er
in
g
re
su
lt
ed
in
a
lo
ss
of
re
ve
nu
e
of
ap
pr
ox
im
at
el
y
$4
0,
00
0
ea
ch
ti
me
th
e
li
ne
s
we
re
pl
ug
ge
d.
Th
is
le
d
to
th
e
bu
il
d-
ing
of
a $
2.7
mil
lio
n d
oll
ar
hea
t
exc
han
ge
uni
t
in
an
att
emp
t
to
sol
ve
the
pr
ob
le
m
(S
he
ar
an
d
Ko
na
se
wi
ch
,
19
75
).
CZ
ad
op
ho
ra
ca
n
al
so
pr
od
uc
e
un
de
si
ra
bl
e
ta
st
es
an
d
od
or
s
in
dr
in
ki
ng
wa
te
r
(N
ei
l
an
d
Ow
en
,
19
64
).
139
  
  
The mats of floating CZadOphora may also break up
or settle to the bottom.
Besides
returning
nutrients
to
the
lakes,
the
algae
could
form
a
fine
sediment
over
shoreline
and
shoal
areas.
Christie
(1973)
feels
that
the
sediment
could
effect
the
overwintering
eggs
of
white
fish
and
lake
trout.
BENEFITS
Aquatic
macrophytes
are
known
to
provide
food
and
shelter
for
numerous
water
fowl,
aquatic
birds
and
mammals.
The
western
shore
of
Green
Bay,
for
example,
was
used
by
vast
herds
of
water
fowl
until
the
high
water
greatly
diminished
the
habitats
(Bertrand_gt
al.,
1975).
Numerous
bays
along
the
lakes
are
used
as
spawning
grounds
by
bass,
wall—
eye
andother
fish.
Spawning
takes
place
in
and
around
the
aquatic
vegetation.
As
important,
the
area
provides
both
food
and
protection
for
the
larval
fish.
For
all
the
problems
associated
with
the
growth
of
CZadophOPa
in
the
Great
Lakes,
there
do
appear
to
be
several
benefits
associated
with
it
as
well.
Numerous
studies
have
shown
that
the
Chara,
CZadOphora
and
Petamogeton
concen—
trates
various
radioactive
materials
present
within
the
lakes,
(Kulokova,
1960;
Williams,
1970;
Yaguchi,
Nelson
and
Marshall,
1974;
Yaguchi,
Waller
and
Marshall,
1974).
Gileva
(1962)
suggested
using
CZadOphora
to
remove
radioactive
metals
from
water.
The
algae
also
has
been
shown
to
concentrate
numerous
other
mater—
ials
including
heavy
metals
(100
to
30,000
times)
and
pesticides
such
as
DDT
(Meeks,
1966;
Adams
and
Stone,
1973;
and
Taft
and
Kishler,
1973).
However,
such
accumulations
of
toxicants
could
be
harmful
if
it
increases
the
quantities
of
such
m
a
t
e
r
i
a
l
s
that
enter
a
q
ua
t
i
c
food
webs
(Sweeney,
1976).
The
large
growth
of
CZadOphora,
particularly
along
rocky
and
stoney
s
h
o
r
e
l
i
n
e
s
of
the
lakes,
can
p
r
o
vi
d
e
food
and
shelter
for
fish
and
f
i
s
h
—f
o
o
d
organisms.
The
a
l
g
a
l
m
a
t
s
have
a
distinct
b
e
n
t
h
i
c
c
o
m
m
un
i
t
y
w
i
t
h
e
s
p
e
c
i
a
l
l
y
l
a
r
g
e
n
u
m
b
e
r
s
o
f
t
h
e
a
m
p
h
i
p
o
d
,
G
h
m
m
a
r
u
s
(Adams
a
n
d
K
r
e
g
e
a
r
,
1
9
6
9
;
B
o
s
c
o
r
a
n
d
J
ud
d
,
1972;
C
h
r
i
s
t
i
e
,
1973;
J
u
d
d
a
n
d
B
o
s
c
o
r
,
1974;
a
n
d
J
ud
d
,
1
9
7
5
)
.
C
h
r
i
s
t
i
e
(1973)
s
u
g
g
e
s
t
s
t
h
a
t
t
h
e
l
a
r
g
e
n
u
m
b
e
r
s
of
G
a
m
m
a
r
u
s
m
a
y
h
a
v
e
a
t
t
r
a
c
t
e
d
l
a
r
g
e
p
o
p
u
l
a
t
i
o
n
s
of
y
e
l
l
o
w
p
e
r
c
h
.
P
e
r
c
h
i
n
c
r
e
a
s
e
d
g
r
e
a
t
l
y
in
t
h
e
e
a
s
t
e
r
n
o
u
t
l
e
t
o
f
L
a
k
e
O
n
t
a
r
i
o
a
f
t
e
r
t
h
e
c
o
l
l
a
p
s
e
o
f
t
h
e
W
h
i
t
e
f
i
s
h
.
I
m
p
r
o
v
e
d
l
i
t
t
o
r
a
l
f
o
o
d
s
u
p
p
l
i
e
s
m
a
y
h
a
v
e
c
o
n
t
r
i
b
u
t
e
d
t
o
t
h
e
p
e
r
c
h
i
n
c
r
e
a
s
e
.
A
d
d
i
t
i
o
n
a
l
l
y
,
b
l
a
c
k
d
u
c
k
s
a
n
d
m
a
l
l
a
r
d
s
f
e
e
d
e
x
t
e
n
s
i
v
e
l
y
o
n
C
Z
a
d
o
p
h
o
r
a
,
a
l
t
h
o
u
g
h
t
h
e
f
i
l
a
m
e
n
t
s
a
r
e
l
i
t
t
l
e
c
h
a
n
g
e
d
a
f
t
e
r
p
a
s
s
i
n
g
t
h
r
o
u
g
h
t
h
e
d
i
g
e
s
t
i
v
e
t
r
a
c
t
(
T
r
a
u
t
m
a
n
,
1
9
4
7
)
.
I
t
m
a
y
b
e
t
h
a
t
t
h
e
y
a
r
e
f
e
e
d
i
n
g
u
p
o
n
t
h
e
a
b
u
n
d
a
n
t
c
o
m
m
u
n
i
t
y
o
f
b
e
n
t
h
i
c
o
r
g
a
n
i
s
m
s
l
i
v
i
n
g
a
m
o
n
g
t
h
e
f
i
l
a
m
e
n
t
s
.
I
t
h
a
s
b
e
e
n
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
C
Z
a
d
o
p
h
o
r
a
e
x
t
r
a
c
t
s
h
a
v
e
a
n
a
d
v
e
r
s
e
i
m
p
a
c
t
o
n
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
m
o
s
q
u
i
t
o
l
a
r
v
a
e
(
E
c
k
e
r
t
a
n
d
L
a
L
o
n
d
e
,
1
9
7
4
)
.
W
h
e
t
h
e
r
t
h
i
s
c
o
u
l
d
r
e
s
u
l
t
i
n
a
c
o
m
m
e
r
c
i
a
l
l
y
p
r
o
f
i
t
a
b
l
e
a
n
d
e
c
o
l
o
g
i
c
a
l
l
y
a
c
c
e
p
t
a
b
l
e
m
e
a
n
s
o
f
c
o
n
t
r
o
l
l
i
n
g
t
h
e
p
o
p
u
l
a
t
i
o
n
o
f
n
u
i
s
a
n
c
e
i
n
s
e
c
t
s
,
h
a
s
y
e
t
t
o
b
e
d
e
m
o
n
s
t
r
a
t
e
d
.
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 Cladophora, Iypha and other attached vegetation also may be of value in
abating wave energy and therefore, shoreline erosion.
There is some evidence
that increased shoreline erosion occurred shortly after the demise of such flora,
particularly in Lake Erie.
The planting of macrophytes to abate erosion has
been suggested as part of the Great Lakes component of the U.S. Army Corps of
Engineers Shoreline Erosion Demonstration Program.
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 THE POTENTIAL FOR MAPPING BOTTOM FAUNA
IN THE GREAT LAKES1
S. C. Mozley
Great Lakes Research Division
University of Michigan
Ann Arbor, Michigan
INTRODUCTION
Am
on
g
al
l
th
e
ec
ol
og
ic
al
pa
ra
me
te
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wh
ic
h
mi
gh
t
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ma
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th
e
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ea
t
Lak
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is
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t
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bo
th
be
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e
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tr
at
ed
va
lu
e
of
th
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e
in
ve
rt
eb
ra
te
s
as
in
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ca
to
rs
of
re
ce
nt
en
vi
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en
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l
ch
an
ge
s
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e
Gr
ea
t
La
ke
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an
d
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e
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a
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ear
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all
par
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the
lak
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Bo
tt
om
fa
un
a
(al
so,
zo
ob
en
th
os
or
be
nt
hi
c
ma
cr
oi
nv
er
te
br
at
es
)
ar
e
th
os
e
an
im
al
s
li
vi
ng
in
or
on
th
e
bo
tt
om
of
a
lak
e.
In
bi
ol
og
ic
al
su
rv
ey
s,
bo
tt
om
fa
un
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ar
e
or
di
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ri
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ca
pt
ur
ed
by
a
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re
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a
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ev
e
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0.
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th
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t
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ke
s
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e
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tt
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at
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en
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e
to
pl
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e
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ozl
ey,
19
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ev
e,
is
av
ai
la
bl
e
fr
om
al
l
th
e
Gr
ea
t
La
ke
s
(F
ig
.
l)
.
Th
e
mo
st
da
ta
ar
e
li
st
ed
fo
r
La
ke
On
ta
ri
o,
re
pr
es
en
ti
ng
si
x
di
ff
er
en
t
su
rv
ey
s
wi
th
la
ke
-w
id
e
co
ve
ra
ge
,
pl
us
mo
re
in
te
ns
iv
e
st
ud
ie
s
in
an
d
ne
ar
Ha
mi
lt
on
Ha
rb
ou
r,
To
ro
nt
o
Ha
rb
ou
r,
an
d
Ba
y
of
Qu
in
te
(c
it
ed
an
d
su
mm
ar
iz
ed
by
Mo
zl
ey
,
in
pr
es
s)
.
Th
re
e
of
th
e
la
ke
wi
de
st
ud
ie
s
sp
an
ei
gh
t
ye
ar
s
am
on
gt
he
m
an
d
pr
ov
id
e
co
ns
id
er
ab
le
de
ta
il
on
th
e
de
ns
it
ie
s
of
ea
ch
sp
ec
ie
s
at
ea
ch
st
at
io
n,
as
do
th
e
mo
re
lo
ca
li
ze
d
st
ud
ie
s.
Th
e
sh
al
lo
ws
an
d
ro
ck
y
su
bs
tr
at
es
ha
ve
be
en
su
rv
ey
ed
al
on
g
th
e
Ne
w
Yo
rk
sh
or
el
in
e,
th
e
on
ly
ro
ck
y
sh
or
e
ar
ea
in
th
e
Gr
ea
t
La
ke
s
fo
r
wh
ic
h
be
nt
ho
s
ha
ve
be
en
do
cu
me
nt
ed
ex
te
ns
iv
el
y.
1
Co
nt
ri
bu
ti
on
No
.
21
2
of
th
e
Gr
ea
t
La
ke
s
Re
se
ar
ch
Di
vi
si
on
,
Gr
ea
t
La
ke
s
Ma
ri
ne
Wa
te
rs
Ce
nt
er
.
Su
pp
or
te
d
in
pa
rt
by
a
co
nt
ra
ct
be
tw
ee
n
th
e
Un
iv
er
si
ty
of
Mi
ch
ig
an
an
d
th
e
In
di
an
a
an
d
Mi
ch
ig
an
El
ec
tr
ic
Co
mp
an
y.
147
IdiIIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
1
4
8
    
Fig
ure
l.
Ben
thi
c s
urv
eys
in
the
Gre
at
Lak
es,
sur
vey
(la
kew
ide
sur
vey
s n
ot
sho
wn)
sho
wn
her
e h
ave
not
bee
n p
ubl
ish
ed,
one
sur
vey
has
bee
n m
ade
in
som
e o
f
195
0—1
975
.
The
app
rox
ima
te
ext
ent
of
eac
h l
oca
liz
ed
is
ind
ica
ted
by
a p
oly
gon
.
Res
ult
s o
f s
ome
of
the
sur
vey
s
and
som
e u
npu
bli
she
d o
nes
may
not
app
ear
her
e.
Mor
e t
han
the
po
ly
go
ns
.
 The
nex
t
bes
tst
udi
ed
lak
e i
s H
uro
n,
whe
re
fou
r s
tud
ies
cov
er
mos
t o
f t
he
main
basi
n, a
nd t
hree
othe
rs i
nclu
de l
arge
segm
ents
of i
t.
Lake
Huro
n st
udie
s
are
summ
ariz
ed b
y th
e In
tern
atio
nal
Join
t Co
mmis
sion
(in
pres
s).
Sagi
naw
Bay
has
been
the
subj
ect
of n
umer
ous
bent
hic
stud
ies
of v
aria
ble
exte
nt.
Seve
ral
othe
r lo
cali
ties
have
been
samp
led
to s
ome
degr
ee,
incl
udin
g th
e St
rait
s of
Mack
inac
, S
outh
Bay,
and
Geor
gian
Bay.
Only
thre
e am
ong
thes
e su
rvey
s in
clud
e
data at the species level. Nearly all the localized studies, in contrast,
provide information on species.
Lake Michigan is documented by more individual samples taken over a
long
er t
ime
than
any
othe
r la
ke.
Howe
ver,
the
cent
ral
area
s of
the
lake
were
samp
led
at a
rela
tive
ly f
ew s
tati
ons
and
the
bott
om f
auna
were
not
sort
ed t
o
the
spec
ies
leve
l.
The
larg
est
effo
rt i
nclu
ded
mont
hly
samp
ling
(Apr
il t
o
Nove
mber
) a
t 35
stat
ions
for
thre
e ye
ars.
Amon
g th
e re
sult
s of
that
stud
y wa
s
a co
mpar
ison
betw
een
1964
data
and
data
from
1930
—31
(Rob
erts
on a
nd A
lley
, 1
966)
.
Sing
le—v
isit
surv
eys
were
also
cond
ucte
d in
the
earl
y 19
50's
and
earl
y 19
60's
,
but reports included little taxonomic detail. The only species data for
the center of the main basin are provided in Hiltunen's (1967) study of
olig
ocha
etes
of t
he s
outh
ern
part
of t
he l
ake
and
Howm
ille
r an
d Be
eton
's
(197
4)
mid
lak
e s
amp
les
.
Man
y l
oca
l a
rea
s o
f L
ake
Mic
hig
an
hav
e b
een
or
are
bein
g sa
mple
d,
incl
udin
g th
e St
rait
s of
Mack
inac
, G
rand
Trav
erse
Bay,
Gree
n
Bay,
the
sout
hern
end
of t
he l
ake,
and
nume
rous
near
shor
e ar
eas
(sum
mari
zed
by M
ozle
y an
d Ho
wmil
ler,
in p
ress
).
All
but
the
earl
iest
of t
he n
ears
hore
surv
eys
prov
ide
info
rmat
ion
on s
peci
es,
dens
itie
s an
d se
ason
al f
luct
uati
ons.
Sur
pri
sin
gly
, s
ome
of
the
mos
t s
pec
tac
ula
r d
emo
nst
rat
ion
s o
f c
han
ges
in
env
iro
nme
nta
l q
ual
ity
on
the
bas
is
of
ben
thi
c d
ata
hav
e c
ome
fro
m o
ne
of
the
les
s w
ell
stu
die
d l
ake
s,
Eri
e.
To
dat
e,
onl
y t
hre
e s
tud
ies
pro
vid
e w
hol
e—
1ak
e c
ove
rag
e,
and
two
of
the
se
con
tai
n l
itt
le
are
al
or
tax
ono
mic
det
ail
(U.S
. D
epa
rtm
ent
of
the
Int
eri
or,
1968
; A
lle
y a
nd
Pow
ers
, 1
970
).
Bri
nkh
urs
t
£5
a1.
(19
68)
ill
ust
rat
ed
pre
sen
ce/
abs
enc
e p
att
ern
s f
or
sel
ect
ed
tax
a t
hro
ugh
—
out
the
lak
e,
how
eve
r,
the
Can
adi
an
nea
rsh
ore
are
a h
as
bee
n d
esc
rib
ed
in
qua
nti
tat
ive
det
ail
by
Bea
l a
nd
Osm
und
(19
68)
,
and
the
re
hav
e b
een
num
ero
us
stu
die
s
in
the
hea
vil
y i
mpa
cte
d w
est
ern
bas
in
(ci
ted
by
Sch
els
ke
and
Rot
h,
197
3).
It
was
in
Lak
e E
rie
tha
t t
he
fir
st
wid
ely
rec
ogn
ize
d c
han
ges
in
Gre
at
Lak
es
ben
tho
s w
ere
obs
erv
ed
(Br
itt
195
5a,
195
5b,
Wri
ght
, 1
955
).
Lak
e S
upe
rio
r b
ott
om
fau
na
are
the
lea
st
wel
l d
ocu
men
ted
for
any
Gre
at
Lak
e.
Exc
ept
for
the
rec
ent
Upp
er
Gre
at
Lak
es
Ref
ere
nce
Stu
dy
(Co
ok,
197
6),
the
re
hav
e b
een
onl
y r
egi
ona
lly
res
tri
cte
d s
tud
ies
the
re.
The
eas
ter
n a
rea
has
bee
n t
he
obj
ect
of
two
sma
ll
ben
thi
c s
tud
ies
whi
ch
are
not
rea
lly
app
rop
ria
te
for
map
pin
g
(Ad
ams
and
Kre
age
r,
196
9;
All
ey
and
Pow
ers
,
197
0),
but
the
re
hav
e b
een
a n
umb
er
of
inf
orm
al
rep
ort
s o
n s
tud
ies
of
riv
er
mou
ths
by
the
Mic
hig
an
Wat
er
Res
our
ces
Com
mis
sio
n,
and
on
emb
aym
ent
s
(cf
. r
efe
ren
ces
in Cook and Johnson, 1974).
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METHODOLOGICAL LIMITATIONS
The
exi
ste
nce
of
lar
ge
amo
unt
s
of
ben
thi
c
dat
a
fro
m
the
Gre
at
Lak
es
doe
s
not
nec
ess
ari
ly
mea
n t
hat
con
str
uct
ion
of
use
ful
and
rel
iab
le
map
s o
f t
he
pop
ula
tio
ns
is
str
aig
htf
orw
ard
, h
owe
ver
.
Sev
era
l i
nve
sti
gat
ors
hav
e s
how
n
that
the
equi
pmen
t em
ploy
ed i
n co
llec
ting
the
sedi
ment
s an
d sc
reen
ing
the
anim
als
can
affe
ct a
ll a
spec
ts o
f be
nthi
c me
asur
emen
t (
revi
ewed
by H
OWmi
ller
,
1976). The Petersen grabs and other less effective devices were used on most
surveys prior to the mid-1960's. A device which has been employed recently,
the Ponar grab, is better but still less than completely effective
(Flannagan, 1970).
Small changes in sieve mesh openings can change both absolute and
relative estimates of density among the more common taxa. Amphipoda are
generally large enough to be retained on the usual 0.5 mm mesh (note
that U.S.G.S. #30 Sieve has 0.59 mm openings, large enough for young
amphipods to escape), but a substantial fraction of the oligochaetes and
a majority of chironomid larvae are not retained consistently by the
usual sieves. Even a small decrease in mesh size to 0.35 mm can increase
estimates of total numbers of bottom fauna threefold (Mozley, 1975).
SEASONAL AND MULTIANNUAL VARIATION
Few data exist on temporal instability of bottom fauna in the Great Lakes.
This is largely because considerable time and effort are necessary to convert
benthic field samples into data. There is as yet no technical substitute for
handpicking the animals from tangled masses of algae, detritus and tubes built
by the animals themselves. This process often takes more than a person—day
per grab sample, and simple calculations will readily show that only large teams
of researchers can produce seasonal information for benthos over extensive areas.
Among the few studies which offer multiseasonal coverage, only one is extensive
enough in area to support mapping on a useful scale, the Coherent Area Study by
the University of Michigan (Alley and Mozley, 1975). Other long—term studies
pertain to a single station or transect, or the area immediately surrounding
a power plant.
Therefore, the best that can be done to illustrate seasonal fluctuations of
benthos when maps are constructed is to provide with the map a representative
example of the range of Seasonal variation.
The density of the prevalent
amphipod, Pontoporeia affinis, undergoes seasonal fluctuations which depend
in relative amplitude on the water depth (Fig. 2).
Populations shallower
than 16 m in southeastern Lake Michigan undergo extreme variations from less
than 100 to over 1000 per m2.
Populations over 80 m in southern Lake Michigan
fluctuate very little, and no repetitive seasonal pattern can be observed.
Thus maps of Pontoporeia density would be reasonably accurate for offshore areas,
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ga
rd
le
ss
of
wh
en
th
e
da
ta
we
re
co
ll
ec
te
d
du
ri
ng
th
e
ye
ar
,
wh
il
e
it
w0
ul
d
be
mo
re
ap
pr
op
ri
at
e
to
co
ns
tr
uc
t
at
le
as
t
tw
o
ma
ps
to
re
pr
es
en
t
de
ns
it
ie
s
be
fo
re
an
d
af
te
r
re
pr
od
uc
ti
on
ne
ar
sh
or
e.
Am
on
g
al
l
th
e
nu
me
ri
ca
ll
y
im
po
rt
an
t
gr
ou
ps
of
bo
tt
om
fa
un
a
in
th
e
Gr
ea
t
La
ke
s,
Ch
ir
on
om
id
ae
ar
e
mo
st
su
bj
ec
t
to
se
as
on
al
va
ri
at
io
ns
in
de
ns
it
y.
In
fa
ct
,
th
e
ap
pa
re
nt
sp
ec
ie
s
co
mp
os
it
io
n
ca
n
ch
an
ge
ex
te
ns
iv
el
y
fr
om
se
as
on
to
se
as
on
.
Fo
r
ex
am
pl
e,
st
ud
ie
s
of
La
ke
On
ta
ri
o
in
Ju
ne
—J
ul
y
an
d
No
ve
mb
er
19
72
,
by
th
e
sa
me
te
am
an
d
la
rg
el
y
at
th
e
sa
me
st
at
io
ns
,
pr
od
uc
ed
qu
it
e
di
ff
er
en
t
im
pr
es
si
on
s
of
th
e
la
ke
wi
de
co
mp
os
it
io
n
of
mi
dg
e
ge
ne
ra
(M
oz
le
y,
in
pr
es
s)
.
In
Ju
ne
—J
ul
y
al
mo
st
60
%
of
al
l
la
rv
ae
be
lo
ng
ed
to
He
te
ro
tr
is
so
cl
ad
iu
s
(P
re
su
ma
bl
y
an
ol
ig
ot
ro
ph
ic
in
di
ca
to
r)
an
d
32
%
we
re
in
th
e
co
sm
op
ol
it
an
ge
nu
s
Pr
oc
la
di
us
.
In
No
ve
mb
er
,
ho
we
ve
r,
ov
er
ha
lf
of
al
l
la
rv
ae
we
re
Pr
oc
la
di
us
,
Chi
ron
omu
s
and
cry
pto
chi
ron
omu
s
(eu
tro
phi
c
ind
ica
tor
s)
acc
oun
ted
for
40%
,
and
Het
ero
tri
sso
cla
diu
s l
arv
ae
con
tri
but
ed
onl
y a
bou
t 4
%.
 
The
wor
k o
f B
rin
khu
rst
and
co—
wor
ker
s
(19
68)
is
oft
en
cit
ed
as
a
dem
ons
tra
tio
n t
hat
chi
ron
omi
ds
can
be
use
d a
s t
rop
hic
ind
ica
tor
s.
The
"tr
oph
ic
ind
ex”
pro
pos
ed
in
the
ir
rep
ort
is
oft
en
mis
use
d b
y r
ese
arc
her
s
who
fai
l t
o t
ake
not
e o
f t
he
nee
d t
o c
oll
ect
mul
ti—
sea
son
al
dat
a f
or
lar
ge
num
ber
s o
f l
arv
ae
at
man
y l
oca
tio
ns.
The
eff
ort
req
uir
ed
to
obt
ain
suc
h
dat
a s
hou
ld
not
be
und
ere
sti
mat
ed.
Eve
n w
ith
the
wid
e e
xte
nt
of
the
sur
vey
s
use
d b
y B
rin
khu
rst
and
co—
wor
ker
s,
a s
epa
rat
e s
urv
ey
dur
ing
the
sam
e p
eri
od
in
Lak
e O
nta
rio
(Hi
ltu
nen
, 1
969)
add
ed
man
y n
ew
spe
cie
s o
ccu
rre
nce
poi
nts
to t
he L
ake
Onta
rio
map
(Fig
. 3)
. F
or t
hese
reas
ons,
the
valu
e of
Chir
onom
idae
for
mapp
ing
is s
ever
ely
limi
ted,
and
the
exis
ting
data
on t
his
group can be used only to supplement other information.
Olig
ocha
etes
also
fluc
tuat
e nu
meri
call
y th
roug
h th
e ye
ar s
uffi
cien
tly
so
that
the
same
prob
lems
aris
e in
mapp
ing
worm
dens
itie
s as
do w
ith
amph
ipod
dens
itie
s (
Hilt
unen
, 19
67;
Stim
pson
g£_a
1.,
1975
).
The
appa
rent
spec
ies
compo
sitio
n of
Oligo
chaet
es is
far m
ore
stabl
e in
time
than
for m
idges
, ho
wever
.
Brinkhurst (1967) found that a small set of samples from a single data in
Saginaw Bay provided as good a representation of the relative abundances of
the more common species as did a total of about 60 samples taken over the
better part of a year at the same site. This means that the species
occurrence of Oligochaetes can be mapped with little concern for seasonal
variations.
Considered as a whole, the species composition of benthic communities is
also relatively stable through the year. Johnson and Brinkhurst (1971a) showed
that samples from the Bay of Quinte were as similar from different times of year
as those from successive months, or from the same month in different years for
each of several stations. Despite wide fluctuations in the densities of most
species through the year, the faunal composition always reflected the same
zonation of benthic habitats. The fact that most benthic animals reproduce
at the same time, i.e. early summer, contributes to compositional similarity.
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DISTRIBUTION OF MAPPING POTENTIAL
Ava
ila
ble
dat
a p
rov
ide
us
wit
h t
he
cap
abi
lit
y t
o m
ap
som
e a
spe
cts
of
ben
tho
s
in m
ost
of t
he G
reat
Lake
s, b
ut a
ppro
xima
te g
rid
dime
nsio
ns o
f Su
ch m
aps
woul
d va
ry
with lake and region and the data base for each map would have to be selected
with care. Lake Ontario can be mapped at 15 x 40 km with finer resolution in
most bays and harbors or river mouths. Lake Erie amphipods can be mapped at
perhaps 25 x 25 km, but oligochaetes are better documented (ca. 15 x 15 km), and
the entire bottom fauna can be mapped at 5 x 5 km along the Canadian shore
(assuming access to unpublished data) and in the western basin. Lake Huron can
be mapped at 20 x 20 km for oligochaete species, but only the western half can
be mapped reliably for amphipods, and then at a lower resolution (International
Joint Commission, in press). Oligochaete species and other fauna are known on
a 5 x 5 km grid in Saginaw Bay from a 1956 survey. Recent data permit mapping
only of the outer part of the bay, and on a 10 x 10 km grid. Lake Michigan
can be mapped for amphipods on a 15 x 80 km grid, with 10 x 10 km resolution
in many nearshore areas and bays. Parts of Green Bay areknown on a 2 x 10
km grid. Cook (1976) has recently sampled all of Lake Superior on a 14 x
14 km or finer grid, and has constructed maps of the distributions and abun—
dances of several taxa.
ENVIRONMENTAL VALUE ASSESSMENT
Several ways have been devised to grade information about bottom fauna
into categories which correspond to different levels of environmental quality
(Howmiller, 1976).
These methods were developed by comparing numbers and kinds
of bottom fauna, either between samples from sites known to have suffered
environmental damage and samples from undisturbed sites, or by sampling at
one site over a period in which change occurred.
Evidence from known
situations
permits assessment of distribution and relative intensity of the effects of
environmental impacts from the distribution and composition of the benthos in
unknown areas.
Benthos distributions have been described in many parts of the Great Lakes
(Cook and Johnson,
1974; Mozley,
in press; Mozley and Howmiller,
in press),
and
several
systems
have
been used
in grading
the benthos
for
environmental
assessment.
Distributions
of
selected
taxonomic
groups,
particularly
the
Tubicicidae
oligochaetes,
have
been
presented
as maps
in
many
regions
of
the
Great
Lakes,
both
large
(Brinkhurst,
35
al.,
1968)
and
small
(Brinkhurst,
1970).
These
maps
display
patterns
which
correspond
closely
to
water
flow
patterns
around
sites
from
which
large
amounts
of
organic
wastes
are
discharged
into
the
Great
Lakes.
For
example,
the
path
followed
by
Fox
River
water
through
Green
Bay
(Howmiller
and
Beeton,
1970,
1971),
the
Saginaw
River
through
Saginaw
Bay
(Brinkhurst,
1967;
Schneider,
Hooper
and
Beeton,
1969)
and
the
effluent
from
Hamilton
Harbour
into
Lake
Ontario
(Johnson
and
Matheson,
1968)
have
been
traced
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di
st
ri
bu
ti
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s
of
bo
tt
om
fa
un
a.
Th
e
ef
fe
ct
s
of
ou
tf
lo
w
fr
om
Sa
gi
na
w
Ba
y
an
d
di
sc
ha
rg
es
ne
ar
Ca
lc
it
e,
Mi
ch
ig
an
,
on
be
nt
ho
s
of
op
en
La
ke
Hu
ro
n
ar
e
il
lu
st
ra
te
d
fo
r
two
an
im
al
s
in
Fig
.
4.
Ma
ps
of
th
e
sa
me
ar
ea
at
two
po
in
ts
in
tim
e
hav
e
als
o
bee
n
pre
par
ed
to
sho
w d
egr
ada
tio
n
or
enl
arg
eme
nt
of
are
as
aff
ect
ed
by
con
tin
uin
g w
ast
e d
isc
har
ges
(Ca
rr
and
Hil
tun
en,
196
5;
How
mil
ler
and
Bee
ton
,
197
0;
Gre
at
Lak
es
Bas
in
Com
mis
sio
n,
197
6).
The
use
s t
o w
hic
h m
aps
of
bot
tom
fau
na
mig
ht
be
put
ext
end
bey
ond
the
con
ven
tio
nal
ass
ess
men
ts
of
lev
els
of
pol
lut
ion
or
eut
rop
hic
ati
on,
but
few
inv
est
iga
tor
s o
f b
ent
hos
hav
e v
ent
ure
d t
o s
ugg
est
oth
er
imp
lic
ati
ons
of
the
ir
dat
a.
The
one
out
sta
ndi
ng
exc
ept
ion
to
thi
s r
eti
cen
ce
is
fou
nd
in
the
stu
die
s o
f t
he
Bay
of
Qui
nte
by
Joh
nso
n a
nd
Owe
n
(19
71)
and
Joh
nso
n a
nd
Bri
nkh
urs
t
(19
71
a,
b,
c).
The
y d
isc
ove
red
tha
t p
rim
ary
pro
duc
tio
n,
sec
ond
—
ary
pro
duc
tio
n,
org
ani
c s
edi
men
tat
ion
, b
ent
hic
res
pir
ati
on
and
the
eff
ici
enc
y
wit
h w
hic
h i
mpo
rte
d e
ner
gy
was
uti
liz
ed
by
bot
tom
fau
na
and
ass
oci
ate
d o
rga
n-
ism
s a
ll
var
ied
str
ong
ly
amo
ng
the
fou
r d
ist
ing
uis
hab
le
spe
cie
s a
sso
cia
tio
ns
of
bot
tom
fau
na
in
or
nea
r t
he
bay
.
The
low
est
tro
phi
c e
ffi
cie
ncy
amo
ng
the
cor
res
pon
din
g c
omm
uni
tie
s w
as
dis
pla
yed
by
the
one
whi
ch
cha
rac
ter
ize
d
deg
rad
ed
env
iro
nme
nts
(in
ner
mos
t b
ay
are
a),
whi
le
the
hig
hes
t e
ffi
cie
ncy
occ
urr
ed
in
ben
tho
s o
f t
he
ope
n l
ake
.
The
hig
hes
t p
rod
uct
ion
rat
e o
ccu
rre
d
in
an
int
erm
edi
ate
ass
emb
lag
e,
how
eve
r.
The
aut
hor
s c
onc
lud
ed
tha
t e
xtr
eme
enr
ich
men
t o
f G
rea
t L
ake
s b
ent
hic
com
mun
iti
es
was
eve
ntu
all
y d
etr
ime
nta
l t
o
com
mun
ity
met
abo
lis
m.
Mod
era
te
amo
unt
s o
f e
nri
chm
ent
inc
rea
sed
sec
ond
ary
pro
duc
tio
n,
but
wer
e a
sso
cia
ted
wit
h l
owe
red
tro
phi
c e
ffi
cie
ncy
.
Max
imi
zat
ion
of
sec
ond
ary
pro
duc
tio
n o
r c
omm
uni
ty
eff
ici
enc
y a
re
not
nec
ess
ari
ly
pro
per
obj
ect
ive
s o
f m
ana
gin
g b
ent
hic
com
mun
iti
es,
how
eve
r.
Rat
her
, s
eco
nda
ry
pro
duc
tio
n m
ust
occ
ur
in
a f
orm
usa
ble
by
hig
her
tro
phi
c
lev
els
.
A p
rac
tic
al
lim
it
to
env
iro
nme
nta
l c
han
ge
in
the
Gre
at
Lak
es
mig
ht
be
def
ine
d i
n a
sso
cia
tio
n w
ith
den
sit
ies
of
amp
hip
ods
,
sin
ce
the
se
ani
mal
s
are
pro
bab
ly
the
pri
mar
y r
out
e o
f e
ner
gy
tra
nsf
er
fro
m b
ent
hos
to
spo
rt
and
com
mer
cia
l f
ish
(cf
. M
ozl
ey,
in
pre
ss;
Moz
ley
,
197
6).
Whe
n a
mph
ipo
d d
ens
iti
es
beg
in
to
dec
lin
e,
as
the
y h
ave
in
sou
the
rn
Lak
e M
ich
iga
n (
Moz
ley
and
All
ey,
197
3),
eas
t o
f t
he
Nia
gar
a R
ive
r m
out
h
(Na
lep
a a
nd
Tho
mas
,
in
pre
ss;
Moz
ley
in
pre
ss)
and
oth
er
are
as,
the
n i
t w
oul
d b
e a
fai
r c
onc
lus
ion
tha
t t
he
lim
its
of
env
iro
nme
nta
l
deg
rad
ati
on
hav
e b
een
exc
eed
ed,
reg
ard
les
s o
f c
orr
esp
ond
ing
eva
lua
tio
ns
bas
ed
on
the
spe
cie
s c
omp
osi
tio
n o
f o
lig
och
aet
es.
My
own
inc
lin
ati
on
is
tow
ard
est
abl
ish
ing
a d
ual
obj
ect
ive
in
pro
tec
tio
n
of
ben
thi
c c
omm
uni
tie
s.
Fir
st,
hig
h d
ens
iti
es
of
Pon
top
ore
ia
aff
ini
s s
hou
ld
be
sus
tai
ned
(or
res
tor
ed,
if
pos
sib
le)
in
all
are
as
whe
re
thi
s s
pec
ies
nat
ura
lly
occ
urs
.
Sec
ond
,
the
spe
cie
s o
f o
lig
och
aet
es
sho
uld
be
mon
ito
red
as
ind
ica
tor
s o
f c
omm
uni
ty
hea
lth
, a
nd
whe
n s
pec
ies
ass
emb
lag
es
cha
rac
ter
ist
ic
of
mes
otr
oph
ic
hab
ita
ts
giv
e w
ay
to
eut
rop
hic
ass
emb
lag
es,
sou
rce
s o
f o
rga
nic
mat
ter
to
tha
t r
egi
on
sho
uld
be
cur
tai
led
.
The
se
two
par
ame
ter
s a
lso
hav
e
adv
ant
age
s
in
the
rel
ati
vel
y g
rea
ter
rel
iab
ili
ty
of
pub
lis
hed
dat
a a
nd
the
fre
que
ncy
wit
h w
hic
h t
hey
hav
e b
een
mea
sur
ed
in
the
Gre
at
Lak
es.
Mos
t a
rea
s
are
doc
ume
nte
d f
or
the
se
par
ame
ter
s i
n s
ome
way
, b
ut
it
wil
l b
e n
ece
ssa
ry
to
con
duc
t n
ew
sur
vey
s i
n u
nkn
own
are
as,
par
tic
ula
rly
nea
rsh
ore
.
We
sha
ll
als
o
have to obtain more detailed information offshore, and in other areas where
exi
sti
ng
dat
a c
ann
ot
fil
l a
t l
eas
t a
20
x 2
0 k
m m
app
ing
gri
d,
or
whe
re
met
hod
olo
gic
al
or
sea
son
al
fac
tor
s d
imi
nis
h t
he
use
ful
nes
s o
f e
xis
tin
g d
ata
.
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Tub
ife
x
fu b
ife
x ,
efc
.
45N
Chironom
us spp.
I
p
‘
,
.
‘
\
\
5
0
k
m
Fi
gu
re
4.
Dis
tri
but
ion
s
of
Chi
ron
omu
s
spp
.
(Ch
iro
nom
ida
e)
and
Tub
ife
x
tub
ife
x
plu
s
cor
res
pon
din
g
imm
atu
re
wor
ms
(Tu
bif
ici
dae
)
in
Lak
e
Hur
on
in
197
2.
Aft
er
Int
ern
ati
ona
l
Joi
nt
Com
mis
sio
n,
in
pre
ss.
Sha
ded
are
as
den
ote
occ
urr
enc
e
of
the
org
ani
sms
,
whi
le
mor
e
den
sel
y
sha
ded
are
as
for
Chi
ron
omu
s
in
di
ca
te
de
ns
it
ie
s
hi
gh
er
th
an
SO
O/
m2
 
  
Th
e
co
mp
il
at
io
n
of
ex
is
ti
ng
da
ta
an
d
co
ns
tr
uc
ti
on
of
ma
ps
wi
ll
re
qu
ir
e
pe
rs
on
ne
l
wh
o
ar
e
fa
mi
li
ar
wi
th
Gr
ea
t
La
ke
s
be
nt
ho
s
re
se
ar
ch
.
Ju
dg
em
en
ts
as
to
th
e
re
li
ab
il
it
y
of
nu
me
ri
ca
l
es
ti
ma
te
s
an
d
ta
xo
no
mi
c
in
fo
rm
at
io
n
wi
ll
be
ne
ce
ss
ar
y
in
or
de
r
to
se
le
ct
th
e
be
st
da
ta
fr
om
mu
lt
ip
le
su
rv
ey
s,
an
d/
or
to
at
ta
ch
qu
al
if
yi
ng
st
at
em
en
ts
ab
ou
t
th
e
li
mi
ta
ti
on
s
in
he
re
nt
in
th
e
da
ta
us
ed
to
ma
ke
ea
ch
ma
p.
Mo
re
ov
er
,
it
wi
ll
be
es
se
nt
ia
l
to
dr
aw
up
ne
w
ma
ps
fr
om
or
ig
in
al
da
ta
,
an
d
th
is
wi
ll
en
ta
il
di
re
ct
in
te
ra
ct
io
n
wi
th
or
ig
in
al
au
th
or
s
or
th
ei
r
su
cc
es
so
rs
in
ma
ny
ca
se
s.
In
ot
he
r
wo
rd
s,
ac
tu
al
co
ns
tr
uc
ti
on
of
ma
ps
fr
om
th
e
ex
te
ns
iv
e
ex
is
ti
ng
da
ta
sh
ou
ld
no
tb
e
tr
ea
te
d
as
a
si
mp
le
cl
er
ic
al
ta
sk
,
no
r
on
e
wh
ic
h
ca
n
be
ac
co
mp
li
sh
ed
qu
ic
kl
y
by
dr
aw
in
g
to
ge
th
er
i
n
f
o
r
m
a
t
i
o
n
f
r
o
m
th
e
o
p
e
n
li
te
ra
tu
re
.
Ul
ti
ma
te
ly
,
ma
ny
mo
re
sp
ec
ie
s
of
bo
tt
om
fa
un
a
sh
ou
ld
be
co
ll
ec
te
d
an
d
id
en
ti
fi
ed
pr
op
er
ly
in
or
de
r
to
pr
od
uc
e
a
so
un
d
ba
si
s
fo
r
en
vi
ro
nm
en
ta
l
va
lu
e
as
se
ss
me
nt
an
d
ma
na
ge
me
nt
.
Th
e
us
es
of
ol
ig
oc
ha
et
e
sp
ec
ie
s
an
d
am
ph
ip
od
de
ns
it
ie
s
wh
ic
h
I
ha
ve
su
gg
es
te
d
ar
e
in
te
nd
ed
as
si
mp
li
fi
ed
wa
rn
in
g
sy
st
em
s
fo
r
de
te
ct
in
g
ar
ea
s
in
wh
ic
h
ra
pi
d
re
gu
la
to
ry
ac
ti
on
an
d
mo
re
ca
re
fu
l
an
al
ys
is
ma
y
be
ne
ed
ed
,
ra
th
er
th
an
as
en
ds
in
th
em
se
lv
es
.
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,
Gr
ea
t
La
ke
s
Re
s.
Di
v.
,
Pu
bl
.
17, 108 pp.
Sc
hn
ei
de
r,
J.
C.
,
F.
F.
Ho
op
er
,
an
d
A.
M.
Be
et
on
.
19
69
.
Th
e
di
st
ri
bu
ti
on
an
d
ab
un
da
nc
e
of
be
nt
hi
c
fa
un
a
in
Sa
gi
na
w
Ba
y,
La
ke
Hu
ro
n.
Pr
oc
.
12
th
Co
nf
.
Great Lakes Res., pp. 80—90.
St
im
ps
on
,
K.
S.
,
J.
R.
Br
ic
e,
M.
T.
Ba
rb
ou
r,
an
d
P.
Ho
we
.
19
75
.
Di
st
ri
bu
ti
on
an
d
ab
un
da
nc
e
of
in
sh
or
e
ol
ig
oc
ha
et
es
in
La
ke
Mi
ch
ig
an
.
Tr
an
s.
Am
er
.
Mi
cr
os
c.
Soc. 94: 384—394.
Un
it
ed
St
at
es
De
pa
rt
me
nt
of
th
e
In
te
ri
or
.
19
68
.
La
ke
Er
ie
su
rv
ei
ll
an
ce
da
ta
su
mm
ar
y,
19
67
—1
96
8.
U.
S.
Fe
d.
Wa
t.
Po
ll
.
Co
nt
r.
Ad
mi
n.
,
Gr
ea
t
La
ke
s
Re
gi
on
,
Washington, D.C., 65 pp.
Ve
al
,
D.
M.
,
an
d
D.
S.
Os
mu
nd
.
19
68
.
Bo
tt
om
fa
un
a
of
th
e
we
st
er
n
ba
si
n
an
d
ne
ar
sh
or
e
Ca
na
di
an
wa
te
rs
of
La
ke
Er
ie
.
Pr
oc
.
11
th
Co
nf
.
Gr
ea
t
La
ke
s
Re
s.
,
pp. 151—160.
Wr
ig
ht
,
S.
19
55
.
Li
mn
ol
og
ic
al
su
rv
ey
of
we
st
er
n
La
ke
Er
ie
.
U.
S.
Fi
sh
Wi
ld
li
fe
Se
rv
.,
Sp
ec
.
Sc
i.
Re
p.
Fi
sh
.
19
,
34
1
pp
.
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SU
RF
AC
E
S
E
D
I
M
E
N
T
S
OF
TH
E
GR
EA
T
LA
KE
S
R. L. Thomas
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
Burlington, Ontario
AB
ST
RA
CT
OF
PR
ES
EN
TA
TI
ON
Sa
mp
li
ng
of
th
e
su
rf
ac
e
of
se
di
me
nt
s
of
th
e
Gr
ea
t
La
ke
s
ha
s
be
en
ca
rr
ie
d
ou
t
as
pe
r
th
e
fo
ll
ow
in
g
sc
he
du
le
:
19
68
,
La
ke
On
ta
ri
o;
19
69
,
La
ke
Hu
ro
n;
19
70
,
La
ke
St
.
Cl
ai
r;
19
71
,
La
ke
Er
ie
;
19
73
,
La
ke
Su
pe
ri
or
,
Ge
or
gi
an
Ba
y,
No
rt
h
Ch
an
ne
l;
19
74
,
Ba
y
of
Qu
in
te
,
re
pe
at
su
rv
ey
La
ke
St
.
Cl
ai
r;
19
75
,
La
ke
St
.
Cl
ai
r.
Du
ri
ng
al
l
su
rv
ey
s,
co
nt
in
uo
us
so
un
di
ng
wa
s
un
de
rt
ak
en
fo
r
bo
tt
om
di
sc
ri
mi
na
ti
on
wh
ic
h,
to
ge
th
er
wi
th
sa
mp
le
de
sc
ri
pt
io
ns
,
wa
s
us
ed
to
co
mp
il
e
th
e
su
rf
ac
e
se
di
—
me
nt
di
st
ri
bu
ti
on
in
th
e
Gr
ea
t
La
ke
s.
Sa
mp
le
s
we
re
ta
ke
n
by
sh
ip
ek
gr
ap
sa
mp
le
r
an
d
su
bs
am
pl
es
of
th
e
to
pm
os
t
3
cm
we
re
ca
re
fu
ll
y
re
mo
ve
d
af
te
r
me
as
ur
em
en
t
of
se
di
me
nt
te
mp
er
at
ur
e,
Eh
an
d
pH
at
a
se
di
me
nt
de
pt
h
of
1.
5
cm
.
On
e
su
bs
am
pl
e
wa
s
ma
in
ta
in
ed
we
t
fo
r
te
xt
ur
al
an
al
ys
is
,
in
cl
ud
in
g
pe
r
ce
nt
sa
nd
,
si
lt
an
d
cl
ay
an
d
fo
r
mo
me
nt
me
as
ur
e
an
al
ys
is
of
th
e
sa
mp
le
si
ze
di
st
ri
bu
ti
on
to
gi
ve
me
an
gr
ai
n
si
ze
,
st
an
da
rd
de
vi
at
io
n
sk
ew
ne
ss
an
d
ku
rt
os
is
.
Th
e
se
co
nd
su
bs
am
pl
e
wa
s
fr
ee
ze
—
dr
ie
d
on
bo
ar
d
sh
ip
im
me
di
at
el
y
af
te
r
re
co
ve
ry
.
Th
is
su
bs
am
pl
e
wa
s
su
bs
eq
ue
nt
ly
si
ev
ed
(2
0
me
sh
)
an
d
gr
ou
nd
to
10
0
me
sh
an
d
re
ta
in
ed
fo
r
ge
oc
he
mi
ca
l
an
al
ys
es
.
Th
e
fo
ll
ow
in
g
an
al
ys
es
we
re
pe
rf
or
me
d
(e
xc
lu
si
ve
of
La
ke
Mi
ch
ig
an
).
(1
)
Ma
jo
r
el
em
en
ts
:
81
02
,
A1
20
,
Fe
20
,
Mg
O,
Ca
O,
Na
ZO
,
K
0,
Ti
Oz
,
P2
05
,
Mn
O
an
d
S
by
X.
R.
F.
af
te
r
gr
in
di
ng
to
25
0
me
sh
an
d
pe
ll
ef
iz
in
g.
(2
)
In
or
ga
ni
c
an
d
Or
ga
ni
c
Ca
rb
on
by
Le
co
in
du
ct
io
n
fu
rn
ac
e
ca
rb
on
an
al
yz
er
be
fo
re
an
d
af
te
r
su
lp
hu
ro
us
ac
id
di
ge
st
io
n.
Ni
tr
og
en
by
Le
co
ni
tr
og
en
an
al
yz
er
an
d
to
ta
l
qu
ar
tz
by
gr
av
im
et
ri
c
pr
oc
ed
ur
es
.
(3
)
Tr
ac
e
me
ta
ls
:
Hg
,
Pb
,
Cu
,
Zn
,
Ni
,
Co
,
Cr
,
Cd
,
Be
,
V,
Sr
,
Mo
,
Ag
,
U,
As
,
and Se.
(4
)
O
r
g
a
n
o
—
c
h
l
o
r
i
n
e
p
e
s
t
i
c
i
d
e
s
an
d
PC
Bs
:
C
a
r
r
i
e
d
ou
t
on
ly
on
s
e
d
i
m
e
n
t
s
f
r
o
m
t
h
e
L
o
w
e
r
L
a
k
e
s
to
d
a
t
e
.
Al
l
of
th
e
a
b
o
v
e
-
n
o
t
e
d
a
n
a
l
ys
e
s
ar
e
c
u
r
r
e
n
t
l
y
b
e
i
n
g
c
o
m
p
i
l
e
d
an
d
a
s
s
e
s
s
e
d
in
th
e
p
r
e
p
a
r
a
t
i
o
n
of
a
fi
na
l
r
e
p
o
r
t
an
d
fo
r
p
ub
l
i
c
a
t
i
o
n
.
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 W
A
T
E
R
M
O
T
I
O
N
AN
D
T
E
M
P
E
R
A
T
U
R
E
OF
GR
EA
T
LA
KE
S
WA
TE
RS
G. K. Rodgers
As
so
ci
at
e
Di
re
ct
or
fo
r
Ap
pl
ie
d
Re
se
ar
ch
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
Burlington, Ontario
AB
ST
RA
CT
OF
PR
ES
EN
TA
TI
ON
Te
mp
er
at
ur
e
an
d
cu
rr
en
t
in
fo
rm
at
io
n
ar
e
re
vi
ew
ed
.
Da
ta
ar
e
av
ai
la
bl
e
fr
om
bo
at
an
d
sh
ip
su
rv
ey
s,
ai
rc
ra
ft
an
d
sa
te
ll
it
e
ov
er
—f
li
gh
ts
,
mo
or
ed
in
st
ru
me
nt
s
an
d
in
st
ru
me
nt
ed
in
ta
ke
s,
an
d
fr
om
th
e
re
le
as
e
of
dr
if
t
ob
je
ct
s.
Th
e
da
ta
ba
nk
is
ex
te
ns
iv
e,
an
d
is
la
rg
el
y
av
ai
la
bl
e
in
bo
th
su
mm
ar
y
re
po
rt
s
an
d
or
ig
in
al
re
co
rd
s
en
te
re
d
on
a
va
ri
et
y
of
ma
ch
in
e—
pr
oc
es
si
bl
e
me
di
a.
Ma
jo
r
wa
te
r
te
mp
er
at
ur
e
fe
at
ur
es
in
cl
ud
e
th
e
an
nu
al
cy
cl
e
of
su
rf
ac
e
te
mp
er
at
ur
e,
th
e
se
as
on
al
va
ri
at
io
n
of
th
er
ma
l
st
ru
ct
ur
e,
up
we
ll
in
g
an
d
do
wn
we
ll
in
g,
in
te
rn
al
wa
ve
s
an
d
ic
e
fo
rm
at
io
n.
Ma
pp
ed
su
mm
ar
ie
s
av
ai
la
bl
e
in
cl
ud
e
th
e
ar
ea
l
di
st
ri
bu
ti
on
an
d
ti
me
va
ri
ab
il
it
y
of
:
su
rf
ac
e
wa
te
r
te
mp
er
at
ur
es
by
mo
nt
h;
th
er
mo
cl
in
e
de
pt
h
fo
r
mo
nt
hs
of
st
ra
ti
fi
ca
ti
on
;
bo
tt
om
te
mp
er
at
ur
e
an
d
ic
e
co
ve
r.
In
ad
di
ti
on
th
er
e
ar
e
gr
ap
hi
ca
l
an
d
ta
bu
la
r
su
mm
ar
ie
s
su
ch
as
:
th
e
an
nu
al
pa
tt
er
n
of
th
e
te
mp
er
at
ur
e—
de
pt
h
re
la
ti
on
fo
r
th
e
ma
in
bo
dy
of
a
la
ke
or
it
s
su
b-
ba
si
ns
;
a
co
nd
en
sa
ti
on
of
re
pe
at
ed
ob
se
r—
va
ti
on
s
on
la
ke
cr
os
s
se
ct
io
ns
;
an
d
st
at
is
ti
ca
l
su
mm
ar
ie
s
of
th
e
fr
eq
ue
nc
y
of
oc
cu
rr
en
ce
of
te
mp
er
at
ur
es
at
sp
ec
if
ic
lo
ca
ti
on
s.
Mo
de
ll
in
g
of
th
er
ma
l
st
ru
ct
ur
e
de
ve
lo
pm
en
t
ha
s
be
en
un
de
rt
ak
en
ut
il
iz
in
g
su
rf
ac
e
he
at
ex
ch
an
ge
an
d
wi
nd
da
ta
.
Ov
er
al
l
pe
rc
en
ta
ge
ic
e
co
ve
r
ha
s
be
en
re
la
te
d
to
me
te
or
ol
og
ic
al
conditions.
Wa
te
r
mo
ti
on
is
re
fl
ec
te
d
in
th
e
la
ke
te
mp
er
at
ur
es
.
Di
re
ct
me
as
ur
em
en
ts
of
fl
ow
an
d
mi
xi
ng
ar
e
av
ai
la
bl
e
as
we
ll
.
Ut
il
iz
in
g
a
va
ri
et
y
of
da
ta
so
ur
ce
s,
th
e
me
an
su
rf
ac
e
dr
if
t
pa
tt
er
ns
fo
r
th
e
su
mm
er
se
as
on
ha
ve
be
en
ch
ar
te
d.
Th
e
va
ri
at
io
n
of
av
er
ag
e
fl
ow
s
wi
th
de
pt
h
ha
ve
be
en
pl
ot
te
d
fo
r
some locations.
 
D
a
t
a
d
i
s
p
l
a
ys
fo
r
c
ur
r
e
n
t
s
m
us
t
ta
ke
a
c
c
o
un
t
of
th
ei
r
c
o
n
s
i
d
e
r
a
b
l
e
va
r
i
a
b
i
l
i
t
y.
N
e
a
r
r
o
t
a
r
y
m
o
t
i
o
n
s
wi
t
h
p
e
r
i
o
d
s
cl
os
e
to
th
e
lo
ca
l
i
n
e
r
t
i
a
l
p
e
r
i
o
d
a
r
e
c
o
m
m
o
n
i
n
m
i
d
-
l
a
k
e
w
a
t
e
r
s
.
N
e
a
r
s
h
o
r
e
w
a
t
e
r
s
c
a
n
b
e
s
t
i
l
l
fo
r
l
o
n
g
pe
ri
od
s,
an
d
t
h
e
n
d
e
m
o
n
s
t
r
a
t
e
ve
r
y
st
ro
ng
,
s
t
o
r
m
-
i
n
d
uc
e
d
fl
ow
s
in
ei
th
er
d
i
r
e
c
t
i
o
n
a
l
o
n
g
t
h
e
s
h
o
r
e
.
T
h
e
t
i
m
e
s
of
c
u
r
r
e
n
t
r
e
v
e
r
s
a
l
a
r
e
o
n
e
s
of
h
i
g
h
dispersion.
Fo
r
of
fs
ho
re
zo
ne
s,
mo
de
ll
in
g
ef
fo
rt
s
ha
ve
re
ac
he
d
th
e
po
in
t
wh
er
e
it
is
p
o
s
s
i
b
l
e
to
s
i
m
u
l
a
t
e
m
o
n
t
h
l
y
l
a
k
e
c
i
r
c
u
l
a
t
i
o
n
(
wi
t
h
s
o
m
e
e
x
p
e
r
i
m
e
n
t
a
t
i
o
n
a
n
d
,
u
s
e
o
f
s
o
m
e
d
i
r
e
c
t
o
b
s
e
r
v
a
t
i
o
n
o
f
w
i
n
d
s
,
f
l
o
w
a
n
d
t
e
m
p
e
r
a
t
u
r
e
)
w
i
t
h
a
n
a
c
c
e
p
t
—
‘
a
b
l
e
d
e
g
r
e
e
o
f
c
o
n
f
i
d
e
n
c
e
.
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Ti
 Hu
ma
n
co
nt
ac
t
wi
th
th
e
la
ke
s
an
d
bi
ol
og
ic
al
va
lu
e
ar
e
co
nc
en
tr
at
ed
in
th
e
ne
ar
sh
or
e
zon
e.
Fo
r
th
is
zo
ne
on
e
mu
st
st
il
l
us
e
di
re
ct
ob
se
rv
at
io
n.
The
obs
erv
ati
ona
l
sta
tis
tic
al
pre
sen
tat
ion
of
dat
a
for
def
ini
tio
n
of
sea
son
al
tem
per
atu
re
str
uct
ure
,
of
the
wid
th
and
str
eng
th
of
the
coa
sta
l
cur
ren
t
zon
e,
of
the
phe
nom
eno
n
of
coa
sta
l
ent
rap
men
t,
and
the
per
iod
s
of
sta
gna
tio
n
or
maj
or
cur
ren
t r
eve
rsa
ls
has
to
be
emp
has
ize
d a
t t
his
tim
e i
n d
efi
nin
g t
he
kin
eti
c
ene
rgy
reg
ime
,
and
the
dis
per
siv
e
or
flu
shi
ng
cha
rac
ter
ist
ics
of
specific nearshore sites and embayments.
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 A
V
A
I
L
A
B
I
L
I
T
Y
O
F
I
N
F
O
R
M
A
T
I
O
N
O
N
T
H
E
A
M
B
I
E
N
T
C
H
E
M
I
S
T
R
Y
O
F
T
H
E
L
A
K
E
O
N
T
A
R
I
O
N
E
A
R
S
H
O
R
E
Z
O
N
E
J. D. Kinkead
W
a
t
e
r
R
e
s
o
u
r
c
e
s
B
r
a
n
c
h
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
Toronto, Ontario
A
B
S
T
R
A
C
T
O
F
P
R
E
S
E
N
T
A
T
I
O
N
E
x
t
e
n
s
i
v
e
d
a
t
a
o
n
t
h
e
c
h
e
m
i
s
t
r
y
of
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
,
h
a
r
b
o
u
r
s
a
n
d
e
m
b
a
y
—
m
e
n
t
s
a
l
o
n
g
th
e
O
n
t
a
r
i
o
s
h
o
r
e
l
i
n
e
of
L
a
k
e
O
n
t
a
r
i
o
is
a
va
i
l
a
b
l
e
fr
om
th
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
of
th
e
E
n
vi
r
o
n
m
e
n
t
.
M
e
a
s
u
r
e
m
e
n
t
s
h
a
ve
r
o
ut
i
n
e
l
y
b
e
e
n
m
a
d
e
o
f
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
,
h
y
d
r
o
g
e
n
i
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
,
n
u
t
r
i
e
n
t
s
,
c
h
l
o
r
o
p
h
y
l
l
a
_
a
n
d
m
a
j
o
r
io
ns
b
o
t
h
a
l
o
n
g
th
e
r
e
l
a
t
i
ve
l
y
u
n
d
e
v
e
l
o
p
e
d
s
h
o
r
e
l
i
n
e
as
we
l
l
as
in
a
r
e
a
s
d
i
r
e
c
t
l
y
e
f
f
e
c
t
e
d
b
y
m
a
j
o
r
w
a
s
t
e
i
n
p
u
t
s
.
M
e
a
s
u
r
e
m
e
n
t
s
of
o
t
h
e
r
p
a
r
a
m
e
t
e
r
s
us
e
d
to
c
h
a
r
a
c
t
e
r
i
z
e
e
f
f
l
ue
n
t
p
l
um
e
s
fr
om
i
n
d
us
t
r
i
a
l
S
O
ur
c
e
s
su
ch
as
st
ee
l
m
i
l
l
s
a
n
d
p
e
t
r
o
l
e
u
m
r
e
f
i
n
e
r
i
e
s
h
a
v
e
a
l
s
o
b
e
e
n
m
a
d
e
.
D
a
t
a
a
r
e
c
o
l
l
e
c
t
e
d
f
r
o
m
w
a
t
e
r
i
n
t
a
k
e
s
,
i
n
—
s
i
t
u
r
e
c
o
r
d
i
n
g
c
h
e
m
i
s
t
r
y
m
e
t
e
r
s
as
w
e
l
l
as
t
h
r
o
u
g
h
c
o
n
v
e
n
t
i
o
n
a
l
g
r
a
b
s
a
m
p
l
i
n
g
f
r
o
m
b
o
a
t
s
.
T
h
i
s
i
n
f
o
r
m
a
t
i
o
n
is
a
v
a
i
l
a
b
l
e
i
n
i
n
t
e
r
p
r
e
t
e
d
f
o
r
m
,
as
r
a
w
d
a
t
a
or
as
da
ta
su
mm
ar
ie
s.
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CU
LT
UR
AL
US
ES
-
RE
CR
EA
TI
ON
AL
,
AE
ST
HE
TI
C,
HI
ST
OR
IC
AL
D. M. Simkin
On
ta
ri
o
Mi
ni
st
ry
of
Na
tu
ra
l
Re
so
ur
ce
s
Toronto, Ontario
INTRODUCTION
Th
e
pu
rp
os
e
of
th
is
pa
pe
r
is
to
in
fo
rm
th
e
wo
rk
sh
op
of
th
e
av
ai
la
bi
li
ty
of
tw
o
la
rg
e
ne
w
ou
td
oo
r
re
cr
ea
ti
on
da
ta
ba
nk
s
wh
ic
h
ex
is
t
in
On
ta
ri
o.
Th
es
e
ar
e
th
e
re
su
lt
s
of
th
e
ON
TA
RI
O
RE
CR
EA
TI
ON
SU
PP
LY
IN
VE
NT
OR
Y
an
d
th
e
ON
TA
RI
O
RE
CR
EA
TI
ON
SU
RV
EY
.
Bo
th
of
th
es
e
co
nt
ai
n
in
fo
rm
at
io
n
wh
ic
h
wi
ll
be
of
in
te
re
st
an
d
po
te
n—
ti
al
us
e
in
th
e
ex
er
ci
se
wh
ic
h
yo
u
ar
e
he
re
di
sc
us
si
ng
.
Bo
th
ar
e
pr
od
uc
ts
of
th
e
On
ta
ri
o
Go
ve
rn
me
nt
's
IN
TE
RM
IN
IS
TE
RI
AL
TO
UR
IS
M
AN
D
OU
TD
OO
R
RE
CR
EA
TI
ON
PL
AN
NI
NG
ST
UD
Y
(T
OR
PS
)
an
d
we
re
de
ve
lo
pe
d
to
pr
ov
id
e
th
e
co
mp
le
x
da
ta
ba
nk
re
qu
ir
ed
to
un
de
rt
ak
e
co
mp
re
he
ns
iv
e
re
cr
ea
ti
on
an
d
to
ur
is
m
planning in the province.
O
N
T
A
R
I
O
RE
CR
EA
TI
ON
SU
PP
LY
IN
VE
NT
OR
Y
Pe
rh
ap
s
th
e
as
pe
ct
of
mo
st
po
te
nt
ia
l
us
e
to
yo
u
at
th
is
po
in
t
in
ti
me
is
th
e
ON
TA
RI
O
RE
CR
EA
TI
ON
SU
PP
LY
IN
VE
NT
OR
Y
(O
RS
I)
.
Th
e
ov
er
al
l
go
al
of
OR
SI
is
th
e
de
ve
lo
pm
en
t
an
d
ma
in
te
na
nc
e
of
a
co
mp
re
he
n—
si
ve
in
ve
nt
or
y
of
re
cr
ea
ti
on
al
fa
ci
li
ti
es
an
d
re
so
ur
ce
s
wi
th
in
th
e
pr
ov
in
ce
,
as
we
ll
as
es
ti
ma
te
s
of
th
e
op
po
rt
un
it
ie
s
th
at
th
es
e
fa
ci
li
ti
es
an
d
re
so
ur
ce
s
pr
ov
id
e.
Th
e
in
ve
nt
or
y
is
de
si
gn
ed
so
th
at
it
ca
n
be
us
ed
fo
r
a
wi
de
va
ri
et
y
of
ap
pl
ic
at
io
ns
wi
th
va
ry
in
g
de
gr
ee
s
of
so
ph
is
ti
ca
ti
on
.
Po
te
nt
ia
l
us
er
s
ra
ng
e
fr
om
fe
de
ra
l
an
d
pr
ov
in
ci
al
go
ve
rn
me
nt
ag
en
ci
es
to
pr
iv
at
e
re
cr
ea
ti
on
pl
an
ni
ng
co
ns
ul
ta
nt
s
wi
th
ne
ed
s
ra
ng
in
g
fr
om
hi
gh
ly
so
ph
is
ti
ca
te
d
si
mu
la
ti
on
mo
de
ls
to
si
mp
le
de
sc
ri
pt
io
ns
of
fa
ci
li
ti
es
.
D
a
t
a
ar
e
c
o
l
l
e
c
t
e
d
by
m
a
k
i
n
g
as
m
u
c
h
us
e
of
c
e
n
t
r
a
l
s
o
ur
c
e
i
n
f
o
r
m
a
t
i
o
n
in
fi
le
s
of
va
ri
ou
s
go
ve
rn
me
nt
re
gu
la
to
ry
ag
en
ci
es
—
fo
r
in
st
an
ce
:
pr
ov
in
ci
al
pa
rk
i
n
ve
n
t
o
r
i
e
s
,
M
i
n
i
s
t
r
y
of
C
o
n
s
um
e
r
an
d
C
o
m
m
e
r
c
i
a
l
Re
la
ti
on
s'
i
n
ve
n
t
o
r
y
of
sk
i
li
ft
s,
I
n
d
u
s
t
r
y
an
d
T
o
ur
i
s
m
'
s
i
n
ve
n
t
o
r
y
of
c
o
m
m
e
r
c
i
a
l
c
a
m
p
g
r
o
un
d
s
,
et
c.
To
a
v
e
r
y
l
a
r
g
e
ex
te
nt
,
th
e
i
n
i
t
i
a
l
c
o
m
p
l
e
t
e
in
ve
nt
or
y,
h
o
we
ve
r
,
ha
s
b
e
e
n
a
c
h
i
e
ve
d
t
h
r
o
u
g
h
a
r
a
t
h
e
r
l
a
r
g
e
fi
el
d
d
a
t
a
c
o
l
l
e
c
t
i
n
g
p
r
o
g
r
a
m
us
i
n
g
a
w
e
l
l
t
r
a
i
n
e
d
c
r
e
w
of
fi
el
d
d
a
t
a
co
ll
ec
to
rs
.
It
is
ou
r
in
te
nt
to
ke
ep
th
e
i
n
ve
n
t
o
r
y
cu
rr
en
t,
us
i
n
g
as
m
u
c
h
as
p
o
s
s
i
b
l
e
a
ut
o
m
a
t
i
c
up
d
a
t
i
n
g
p
r
o
c
e
d
u
r
e
s
a
c
c
o
m
p
a
n
i
e
d
by
a
co
n—
ti
nu
in
g
bu
t
sm
al
le
r
sc
al
e
fi
el
d
pr
og
ra
m.
T
h
e
i
n
v
e
n
t
o
r
y
is
a
c
o
m
p
u
t
e
r
b
a
s
e
d
r
e
c
o
r
d
s
y
s
t
e
m
(
M
a
r
k
IV
)
c
o
n
t
a
i
n
i
n
g
r
e
l
a
t
i
v
e
l
y
d
e
t
a
i
l
e
d
i
n
f
o
r
m
a
t
i
o
n
fo
r
a
w
i
d
e
v
a
r
i
e
t
y
o
f
r
e
c
r
e
a
t
i
o
n
a
l
f
a
c
i
l
i
t
i
e
s
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 a
n
d
r
e
s
o
u
r
c
e
s
.
T
h
e
f
o
r
m
a
t
i
n
w
h
i
c
h
t
h
i
s
i
n
f
o
r
m
a
t
i
o
n
i
s
s
t
o
r
e
d
p
e
r
m
i
t
s
t
h
e
u
s
e
r
t
o
o
b
t
a
i
n
d
a
t
a
s
u
i
t
e
d
t
o
h
i
s
i
n
d
i
v
i
d
u
a
l
n
e
e
d
s
.
A
s
s
u
c
h
,
i
t
i
s
n
o
t
a
n
t
i
c
i
p
a
t
e
d
t
h
a
t
a
f
i
n
a
l
r
e
p
o
r
t
o
f
t
h
e
i
n
v
e
n
t
o
r
y
w
i
l
l
b
e
p
u
b
l
i
s
h
e
d
—
r
a
t
h
e
r
,
a
s
e
r
i
e
s
o
f
r
e
p
o
r
t
s
d
e
a
l
i
n
g
w
i
t
h
t
h
e
s
p
e
c
i
f
i
c
r
e
q
u
i
r
e
m
e
n
t
s
o
f
u
s
e
r
s
f
a
m
i
l
i
a
r
w
i
t
h
t
h
e
s
y
s
t
e
m
w
i
l
l
b
e
t
h
e
p
r
i
m
a
r
y
f
o
r
m
of
o
ut
p
ut
.
CO
NT
EN
T
OF
TH
E
DA
TA
BA
NK
T
o
i
l
l
u
s
t
r
a
t
e
t
h
e
c
o
n
t
e
n
t
o
f
t
h
e
d
a
t
a
b
a
n
k
,
i
t
p
r
o
b
a
b
l
y
i
s
w
o
r
t
h
w
h
i
l
e
t
o
d
e
s
c
r
i
b
e
t
h
e
h
i
e
r
a
r
c
h
i
c
a
l
n
a
t
u
r
e
o
f
t
h
e
s
y
s
t
e
m
.
I.
T
h
e
f
i
r
s
t
i
n
f
o
r
m
a
t
i
o
n
r
e
l
a
t
e
s
to
t
h
e
A
d
m
i
n
i
s
t
r
a
t
i
v
e
U
n
i
t
.
T
h
i
s
is
a
n
a
r
e
a
w
h
i
c
h
c
o
n
t
a
i
n
s
r
e
c
r
e
a
t
i
o
n
a
l
f
a
c
i
l
i
t
i
e
s
,
is
o
w
n
e
d
b
y
a
s
i
n
g
l
e
a
g
e
n
c
y
or
b
o
d
y,
a
n
d
is
c
o
n
s
i
d
e
r
e
d
to
b
e
a
s
i
n
g
l
e
e
n
t
i
t
y
—
e
x
a
m
p
l
e
s
w
o
u
l
d
b
e
a
c
o
m
m
e
r
c
i
a
l
m
a
r
i
n
a
c
o
n
t
a
i
n
i
n
g
b
o
a
t
d
o
c
k
i
n
g
f
a
c
i
l
i
t
i
e
s
a
n
d
l
a
u
n
c
h
i
n
g
f
a
c
i
l
i
t
i
e
s
o
r
a
m
u
n
i
c
i
p
a
l
p
a
r
k
c
o
n
t
a
i
n
i
n
g
a
b
e
a
c
h
a
n
d
p
i
c
n
i
c
facilities.
F
o
r
e
a
c
h
A
d
m
i
n
i
s
t
r
a
t
i
v
e
U
n
i
t
t
h
e
n
a
m
e
,
t
h
e
o
w
n
e
r
s
h
i
p
,
i
t
s
s
i
z
e
i
n
a
c
r
e
s
,
an
d
n
um
b
e
r
of
A
c
t
i
v
i
t
y
Si
te
A
g
g
l
o
m
e
r
a
t
i
o
n
s
,
is
re
co
rd
ed
.
II
.
Th
en
,
i
n
f
o
r
m
a
t
i
o
n
is
r
e
c
o
r
d
e
d
fo
r
e
a
c
h
A
c
t
i
vi
t
y
Si
te
A
g
g
l
o
m
e
r
a
t
i
o
n
w
i
t
h
i
n
e
a
c
h
A
d
m
i
n
i
s
t
r
a
t
i
v
e
Un
it
.
A
n
a
g
g
l
o
m
e
r
a
t
i
o
n
is
a
d
e
v
e
l
o
p
e
d
a
r
e
a
w
h
i
c
h
c
o
n
s
i
s
t
s
of
a
g
r
o
u
p
of
o
n
e
o
r
m
o
r
e
d
i
f
f
e
r
e
n
t
ty
pe
s
of
r
e
c
r
e
a
t
i
o
n
a
l
fa
ci
li
ti
es
w
h
i
c
h
ar
e
in
cl
os
e
p
r
o
xi
m
i
t
y.
Us
ua
ll
y
th
er
e
is
on
ly
on
e
Si
te
Ag
gl
om
er
at
io
n
wi
th
an
Ad
mi
ni
st
ra
ti
ve
Un
it
.
E
x
c
e
p
t
i
o
n
s
w
i
l
l
be
l
a
r
g
e
P
r
o
v
i
n
c
i
a
l
Pa
rk
s
or
N
a
t
i
o
n
a
l
Pa
rk
s.
Fo
r
ea
ch
ag
gl
om
er
at
io
n
fu
rt
he
r
de
sc
ri
pt
io
n
in
cl
ud
es
it
s
lo
ca
ti
on
-
us
in
g
a
co
un
ty
,
to
wn
sh
ip
an
d
UT
M
co
de
,
th
e
pa
rk
in
g
fa
ci
li
ti
es
,
th
ei
r
us
e,
an
d
th
e
nu
mb
er
an
d
ty
pe
of
Ac
ti
vi
ty
Si
te
s.
II
I.
A
th
ir
d
qu
es
ti
on
na
ir
e
is
fi
ll
ed
ou
t
fo
r
ea
ch
Ac
ti
vi
ty
Si
te
wh
ic
h
is
an
ar
ea
co
nt
ai
ni
ng
at
le
as
t
on
e
of
a
gr
ou
p
of
fa
ci
li
ti
es
ge
ne
ra
ll
y
re
la
te
d
to
th
e
sa
me
ac
ti
vi
ty
—
e.
g.
a
pi
cn
ic
ar
ea
,
a
hi
st
or
ic
al
si
te
,
do
ck
in
g
fa
ci
li
ti
es
,
and boat rental.
De
sc
ri
pt
io
ns
in
cl
ud
ed
ar
e
th
e
ph
ys
ic
al
ch
ar
ac
te
ri
st
ic
s
of
th
e
fa
ci
li
ty
si
te
,
ty
pe
of
ad
mi
ni
st
er
in
g
ag
en
cy
,
pe
ri
od
of
op
er
at
io
ns
,
ty
pe
of
co
st
an
d
me
mb
er
-
sh
ip
re
st
ri
ct
io
ns
on
us
e
of
th
e
fa
ci
li
ti
es
by
th
e
ge
ne
ra
l
pu
bl
ic
.
Tw
o
of
th
e
ke
y
de
sc
ri
pt
or
s
us
ed
in
th
e
in
ve
nt
or
y
ar
e
ju
ri
sd
ic
ti
on
an
d
lo
ca
ti
on
.
Us
e
of
th
es
e
al
lo
ws
th
e
us
er
to
se
le
ct
on
ly
th
os
e
fa
ci
li
ti
es
of
i
m
p
o
r
t
a
n
c
e
to
h
i
m
.
e.
g.
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JURISDICTION:
FE
DE
RA
L-
--
--
--
--
--
- (
Pa
rk
s
Ca
na
da
,
De
pa
rt
me
nt
of
Tr
an
sp
or
t)
PR
OV
IN
CI
AL
——
——
——
——
— (
Pr
ov
in
ci
al
Pa
rk
s,
Mi
ni
st
ry
of
Tr
an
sp
or
ta
ti
on
an
d
Communications)
RE
GI
ON
AL
——
——
——
——
——
— (
Co
ns
er
va
ti
on
Au
th
or
it
ie
s
—
Co
un
ty
Fo
re
st
)
MU
NI
CI
PA
L-
--
--
--
--
- (
Ci
ty
or
Bo
ro
ug
h,
To
wn)
PR
IV
AT
E/
CO
MM
ER
CI
AL
-(
Pr
iv
at
e
Cl
ub
s
ru
n
as
co
mm
er
ci
al
bu
si
ne
ss
es
,
co
mm
er
ci
al
marinas, etc.)
PR
IV
AT
E/
PR
IV
AT
E—
-—
-(
No
n—
Co
mm
er
ci
al
pr
iv
at
e
fa
ci
li
ti
es
-
e.g
.
ex
cl
us
iv
e
go
lf
clubs - duck hunting clubs)
IN
ST
IT
UT
IO
NA
L—
——
——
— (
Yo
ut
h
or
Se
rv
ic
e
Cl
ub
— Y
MC
A,
Bo
y
Sc
ou
ts
,
et
c.
)
Ea
ch
Ad
mi
ni
st
ra
ti
ve
Un
it
is
co
de
d
ac
co
rd
in
g
to
th
e
Co
un
ty
in
wh
ic
h
it
is
lo
ca
te
d.
Fo
r
Ac
ti
vi
ty
Si
te
Ag
gl
om
er
at
io
n,
th
e
lo
ca
ti
on
is
fu
rt
he
r
br
ok
en
do
wn
by
to
wn
sh
ip
as
we
ll
as
mu
ni
ci
pa
li
ty
,
an
d
ge
oc
od
ed
us
in
g
th
e
UT
M
gr
id
co
or
di
na
te
sy
st
em
so
th
at
it
s
lo
ca
ti
on
is
re
co
rd
ed
to
th
e
ne
ar
es
t
1/
4
sq
ua
re
mi
le
.
By
us
in
g
th
e
Ju
ri
sd
ic
ti
on
an
d
Lo
ca
ti
on
de
sc
ri
pt
or
s,
a
us
er
ca
n
se
le
ct
on
ly
th
os
e
Ac
ti
vi
ty
Si
te
s
in
wh
ic
h
he
wa
s
in
te
re
st
ed
,
e.
g.
al
l
ma
ri
na
s
in
Ke
nt
an
d
Es
se
x
Co
un
ti
es
on
pr
ov
in
ci
al
ly
ow
ne
d
la
nd
an
d
op
er
at
ed
by
th
e
pr
ov
in
ce
.
Fo
r
so
me
us
er
s
of
th
e
in
fo
rm
at
io
n
av
ai
la
bl
e
th
ro
ug
h
OR
SI
,
th
e
li
st
in
g
or
de
sc
ri
pt
io
n
of
re
cr
ea
ti
on
al
fa
ci
li
ti
es
or
re
so
ur
ce
s
(o
f
a
sp
ec
if
ic
ty
pe
an
d
fo
r
a
sp
ec
if
ic
ar
ea
)
wi
ll
su
ff
ic
e.
Fo
r
ot
he
r
us
er
s,
in
fo
rm
at
io
n
ob
ta
in
ed
fr
om
th
e
in
ve
nt
or
y
mu
st
be
as
se
ss
ed
in
te
rm
s
of
th
e
nu
mb
er
of
re
cr
ea
ti
on
al
op
po
rt
un
it
ie
s
a
pa
rt
ic
ul
ar
fa
ci
li
ty
pr
ov
id
es
.
To
ac
co
mp
li
sh
th
is
,
in
fo
rm
at
io
n
fr
om
th
e
in
ve
n—
to
ry
,
as
we
ll
as
ot
he
r
st
an
da
rd
s
an
d
co
ns
tr
ai
nt
s
ar
e
fe
d
in
to
a
se
ri
es
of
eq
ua
ti
on
s
to
de
te
rm
in
e
th
e
nu
mb
er
of
op
po
rt
un
it
ie
s
pr
ov
id
ed
by
th
at
pa
rt
ic
ul
ar
fa
ci
li
ty
.
Th
es
e
eq
ua
ti
on
s
ar
e
ca
ll
ed
me
th
od
ol
og
ie
s.
Tw
o
ge
ne
ra
l
an
d
co
mm
on
us
es
of
op
po
rt
un
it
y
ca
lc
ul
at
io
ns
ar
e:
(a
)
to
ac
cu
ra
te
ly
ca
rr
y
ou
t
co
mp
ar
is
on
s
wi
th
va
ri
ou
s
es
ti
ma
te
s
of
"d
em
an
d"
;
(b
)
to
st
ud
y
th
e
in
fl
ue
nc
e
of
ot
he
r
fa
ct
or
s
su
ch
as
se
as
on
le
ng
th
,
tu
rn
ov
er
ra
te
s,
in
st
it
ut
io
na
l
co
ns
tr
ai
nt
s,
or
la
nd
ow
ne
rs
hi
p
pa
tt
er
ns
,
th
at
ma
y
in
cr
ea
se
or
li
mi
t
th
e
re
cr
ea
ti
on
al
su
pp
ly
.
Fo
r
ma
ny
of
th
e
mo
re
co
mm
on
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
,
pa
rt
ic
ul
ar
ly
th
os
e
wh
ic
h
th
e
go
ve
rn
me
nt
ha
s
a
ro
le
in
pr
ov
id
in
g,
me
th
od
ol
og
ie
s
ha
ve
be
en
de
ve
lo
pe
d
to
ca
lc
ul
at
e
su
pp
ly
in
te
rm
s
of
op
po
rt
un
it
ie
s.
Th
es
e
ar
e
in
cl
ud
ed
in
a
do
cu
me
nt
co
nt
ai
ni
ng
mo
st
of
th
e
in
fo
rm
at
io
n
wh
ic
h
I
ha
ve
pr
es
en
te
d
to
da
te
ca
ll
ed
th
e
ON
TA
RI
O
RE
CR
EA
TI
ON
SU
PP
LY
IN
VE
NT
OR
Y
US
ER
S
MA
NU
AL
.
 
 S
i
r
i
n
E
E
E
.
n
2
»
;
A
l
a
-
H
r
»
-
:
Q
‘
f
f
'
.
"
W
;
:
(
r
:
i
"
‘
f
z
:
t
,
FA
CI
LI
TI
ES
DE
AL
T
WI
TH
IN
TH
E
IN
VE
NT
OR
Y
 
Si
xt
ee
n
di
ff
er
en
t
Ac
ti
vi
ty
Si
te
Qu
es
ti
on
na
ir
es
ar
e
us
ed
.
Th
ey
re
la
te
to
:
PICNIC AREAS
BEACHES
CAMPGROUNDS
MO
OR
IN
G
FA
CI
LI
TI
ES
AN
D
BO
AT
RE
NT
AL
BO
AT
LA
UN
CH
AN
D
HA
UL
OU
T
FA
CI
LI
TI
ES
TR
AI
LS
AN
D
AR
EA
S
FO
R
HI
KI
NG
,
CR
OS
S-
CO
UN
TR
Y
SK
II
NG
,
AL
L
TE
RR
AI
N
VE
HI
CL
IN
G,
AN
D
HO
RS
EB
AC
K
RI
DI
NG
COMMERCIAL ACCOMMODATION
FI
SH
IN
G/
HU
NT
IN
G/
CA
NO
E
TR
IP
PI
NG
SE
RV
IC
ES
DESIGNATED FISHING/HUNTING AREAS
FAIRGROUNDS
NA
TU
RE
TR
AI
LS
,
EX
HI
BI
TS
AN
D
VI
EW
IN
G
AR
EA
S
RACETRACKS
VACATION CAMPS
HISTORICAL SITES
GOLF COURSES
DOWNHILL SKI AREAS
ONT
ARI
O
GEO
GRA
PHY
INC
LUD
ED
IN
THE
INV
ENT
ORY
As
of
th
e
en
d
of
Oc
to
be
r,
al
l
of
On
ta
ri
o
so
ut
h
of
th
e
Fr
en
ch
an
d
Ma
tt
aw
a
Ri
ve
rs
,
pl
us
Ma
ni
to
ul
in
Is
la
nd
an
d
a
st
ri
p
al
on
g
th
e
no
rt
h
ch
an
ne
l
sh
or
el
in
e
fro
m S
aul
t
Ste
.
Mar
ie
to
the
mou
th
of
the
Fre
nch
,
has
bee
n
cov
ere
d.
LENGTH OF TIME FOR OUTPUT
Onc
e
a s
pec
ifi
c
req
ues
t
has
bee
n
art
icu
lat
ed,
it
is
usu
all
y p
oss
ibl
e
to
receive a printout within 48-72 hours.
Alt
hou
gh
We
did
not
ant
ici
pat
e w
ide
use
wou
ld
be
mad
e o
f m
aps
by
the
mos
t
lik
ely
gro
ups
of
ORS
I u
ser
s,
all
loc
ati
ons
are
rec
ord
ed
on
a m
ast
er
set
of
map
s
which can be made available for selected users.
ONTARIO RECREATION SURVEY
The
sec
ond
maj
or
pro
duc
t o
f t
he
TOR
PS
pro
gra
m i
s t
he
ONT
ARI
O R
ECR
EAT
ION
SUR
VEY
.
Thi
s i
s a
rec
rea
tio
n p
art
ici
pat
ion
Sur
vey
bas
ed
upo
n t
he
res
ult
s o
f
som
e 1
0,2
00
que
sti
onn
air
es
com
ple
ted
aft
er
per
son
al
int
erv
iew
of
res
ide
nts
of
ver
y c
are
ful
ly
sel
ect
ed
hou
seh
old
s a
cro
ss
the
pro
vin
ce.
For
the
pur
pos
e o
f
the
surv
ey t
he p
rovi
nce
was
divi
ded
into
seve
n ma
jor
stra
ta.
With
in f
ive
of
thes
e,
ther
e wa
s a
furt
her
stra
tifi
cati
on i
nto
non-
larg
e ur
ban
- la
rge
urba
n
substrata.
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Dur
ing
the
cou
rse
of
an
int
erv
iew
whi
ch,
on
the
ave
rag
e,
too
k a
lit
tle
ove
r a
n h
our
to
adm
ini
ste
r,
int
erv
iew
ees
wer
e q
uer
ied
on
the
ir
par
tic
ipa
tio
n
in
rec
rea
tio
nal
act
ivi
tie
s d
uri
ng
the
pre
vio
us
yea
r.
The
que
sti
ons
ask
ed
inc
lud
ed
— W
hat
act
ivi
tie
s?
How
oft
en?
Whe
re?
On
a h
ome
—ba
sed
tri
p?
On
an
ext
end
ed
tri
p?
Wha
t w
as
are
a o
f j
uri
sdi
cti
on
whe
re
the
las
t o
ppo
rtu
nit
y i
n
the specified activity was consumed?
Spe
cif
ic
que
sti
ons
wer
e a
ske
d o
n s
ome
73
rec
rea
tio
nal
act
ivi
tie
s.
In
add
iti
on,
the
re
was
a s
ect
ion
of
the
que
sti
onn
air
e w
hic
h d
eal
t w
ith
the
int
er—
viewees' use of free time.
Ano
the
r
sec
tio
n
of
the
sur
vey
was
des
ign
ed
to
att
emp
t
to
get
an
ide
a
of
the
amo
unt
of
"la
ten
t d
ema
nd"
.
Thi
s w
as
car
rie
d o
ut
by
ask
ing
if
the
re
wer
e
any
act
ivi
tie
s
whi
ch
the
res
pon
den
ts
had
don
e
in
the
las
t
12
mon
ths
whi
ch
the
y
wou
ld
lik
e
to
do
mor
e
of.
If
so
— W
hat
wer
e
the
rea
son
s
why
the
y
did
not
do
as
oft
en
as
the
y w
oul
d
hav
e
lik
ed?
Ano
the
r
que
sti
on
was
— W
ere
the
re
any
act
ivi
tie
s
tha
t
the
res
pon
den
t
did
not
do
in
the
pas
t
yea
r
but
whi
ch
he
wou
ld
hav
e
lik
ed
to
ha
ve
do
ne
and
,
if
so,
wh
y
di
dn
't
he
do
th
em
?
Pr
el
im
in
ar
y
an
al
ys
es
fo
r
So
ut
he
rn
On
ta
ri
o
in
di
ca
te
s
a v
er
y
st
ro
ng
"l
at
en
t
de
ma
nd
"
fo
r
an
gl
in
g
an
d
th
at
th
e
mo
re
co
mm
on
re
as
on
s
gi
ve
n
for
no
t
do
in
g
th
e
ac
ti
vi
ty
(or
as
mu
ch
as
th
ey
wo
ul
d
lik
e)
are
:
no
op
po
rt
un
it
ie
s
ne
ar
ho
me
,
an
d
poor quality of available supply.
A
co
mp
ar
is
on
be
tw
ee
n
So
ut
he
rn
On
ta
ri
o
an
d
No
rt
he
rn
On
ta
ri
o
re
si
de
nt
s
sh
ow
ed
ve
ry
dr
am
at
ic
al
ly
th
at
in
th
e
So
ut
h,
mo
st
an
gl
in
g
an
d
hu
nt
in
g
wa
s
do
ne
on
an
ext
end
ed
use
bas
is;
tha
t
is,
fro
m
a b
ase
oth
er
tha
n
the
per
man
ent
res
ide
nce
(a
co
tt
ag
e
-
re
so
rt
—
hu
nt
in
g
or
fi
sh
in
g
ca
mp
,
et
c.
).
It
is
hi
gh
ly
li
ke
ly
th
at
th
is
is
st
ro
ng
ly
co
rr
el
at
ed
wi
th
a
la
ck
of
su
pp
ly
an
d/
or
qu
al
it
y
in
th
e
Sou
th.
Be
ca
us
e
of
th
e
wa
y
th
e
su
rv
ey
wa
s
de
si
gn
ed
,
it
is
po
ss
ib
le
to
st
at
e
pa
rt
ic
ip
at
io
n
ra
te
s
by
re
si
de
nt
s
of
On
ta
ri
o
in
th
e
se
le
ct
ed
ac
ti
vi
ti
es
an
d
de
te
rm
in
e
di
ff
er
en
ce
s
be
tw
ee
n
re
si
de
nt
s
of
va
ri
ou
s
st
ra
ta
in
On
ta
ri
o.
It
is
al
so
po
ss
ib
le
to
de
te
rm
in
e
th
e
nu
mb
er
of
op
po
rt
un
it
ie
s
co
ns
um
ed
by
su
pp
ly
zo
ne
e.g
.
co
un
ty
or
gr
ou
ps
of
co
un
ti
es
or
to
wn
sh
ip
s
in
th
e
va
ri
ou
s
ac
ti
vi
ti
es
.
Tw
o
do
cu
me
nt
s
on
th
e
su
rv
ey
ar
e
av
ai
la
bl
e:
—
(a
)
ON
TA
RI
O
RE
CR
EA
TI
ON
SU
RV
EY
DO
CU
ME
NT
S;
(b
)
ON
TA
RI
O
RE
CR
EA
TI
ON
SU
RV
EY
PR
OG
RE
SS
RE
PO
RT
#2
.
By
th
e
en
d
of
th
e
ye
ar
,
fi
ve
co
mp
re
he
ns
iv
e
fi
na
l
re
po
rt
s
un
de
r
th
e
ge
ne
ra
l
he
ad
in
g
To
ur
is
m
an
d
Re
cr
ea
ti
on
Be
ha
vi
ou
r
of
On
ta
ri
o
Re
si
de
nt
s
wi
ll
be
av
ai
la
bl
e.
Th
e
su
bj
ec
t
ma
tt
er
of
th
es
e
wi
ll
in
cl
ud
e:
i.
Ge
og
ra
ph
ic
Di
me
ns
io
ns
of
Re
cr
ea
ti
on
al
Be
ha
vi
ou
r
in
On
ta
ri
o;
171
 
 ii.
iii.
iv.
De
mo
gr
ap
hi
c
Di
me
ns
io
ns
—
pa
rt
ic
ip
at
io
n
ra
te
s
by
so
ci
o-
ec
on
om
ic
gr
ou
ps
by
jurisdiction by geographic area, etc.;
Pr
ef
er
en
ce
s
an
d
Co
ns
tr
ai
nt
s
—
re
ac
ti
vi
ti
es
an
d
de
st
in
at
io
ns
pr
ef
er
re
d
fo
r
vacation - weekend and day trips;
Fr
ee
Ti
me
Us
e
—
Wh
at
pe
op
le
do
in
fr
ee
ti
me
—
am
ou
nt
of
fr
ee
ti
me
av
ai
la
bl
e
by socio—economic group, by stratum, etc.
Tr
av
el
Di
me
ns
io
ns
—
Ma
in
de
st
in
at
io
ns
of
tr
ip
s
—
ma
in
ac
ti
vi
ti
es
do
ne
,
mo
de
of
tr
av
el
,
ty
pe
of
ac
co
mm
od
at
io
n.
In
cl
ud
ed
al
so
wi
ll
be
a
se
ri
es
of
tr
ip
len
gth
dis
tri
but
ion
cur
ves
for
var
iou
s
act
ivi
tie
s.
In
ad
di
ti
on
,
a
Us
er
s
Gu
id
e
to
th
e
An
al
ys
is
of
th
e
OR
S
wi
ll
be
pu
bl
is
he
d
fo
r
use by the more sophisticated user of ORS data.
data banks at Waterloo and York Universities.
the
Doc
ume
nta
tio
n M
anu
al,
the
ava
ila
bil
ity
of
the
se
dat
a w
ill
It
is
our
int
ent
ion
to
put
a c
opy
of
the
ORS
dat
a
on
com
put
er
tap
e
in
the
It is hoped that, together with
stimulate increased
res
ear
ch
on
rec
rea
tio
n b
eha
vio
ur
of
the
res
ide
nts
of
Ont
ari
o.
gram to which you are addressing yourselves.
will attempt to make available any data required for any uses
I d
o h
ope
tha
t s
ome
of
thi
s d
ata
wil
l b
e o
f v
alu
e t
o y
ou
in
the
wor
k p
ro—
It goes without saying that we
which you may
indicate.
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CU
LT
UR
AL
US
ES
-
DR
ED
GE
8
FI
LL
C. C. Cable
De
pa
rt
me
nt
of
th
e
Ar
my
,
Co
rp
s
of
En
gi
ne
er
s
Chicago, Illinois
Co
ns
id
er
ab
le
in
fo
rm
at
io
n
be
ar
in
g
on
th
e
se
le
ct
io
n
of
dr
ed
gi
ng
an
d
di
sp
os
al
op
ti
on
s
ha
s
be
en
ca
ta
lo
gu
ed
in
th
e
re
po
rt
of
th
e
In
te
rn
at
io
na
l
Wo
rk
in
g
Gr
ou
p
on
th
e
Ab
at
em
en
t
an
d
Co
nt
ro
l
of
Po
ll
ut
io
n
fr
om
Dr
ed
gi
ng
Ac
ti
vi
ti
es
su
bm
it
te
d
to
th
e
tw
o
go
ve
rn
me
nt
s
in
Ma
y
19
75
.
Co
pi
es
of
th
e
re
po
rt
ca
n
be
ob
ta
in
ed
fr
om
th
e
IJC office here in Windsor.
Th
e
Wo
rk
in
g
Gr
ou
p,
in
th
e
co
ur
se
of
de
ve
lo
pi
ng
it
s
co
nc
lu
si
on
s
an
d
re
co
m—
me
nd
at
io
ns
,
to
ok
a
lo
ok
at
ma
ny
as
pe
ct
s
of
dr
ed
gi
ng
on
th
e
Gr
ea
t
La
ke
s.
De
ta
il
s
on
dr
ed
gi
ng
vo
lu
me
s,
by
lo
ca
ti
on
on
ea
ch
la
ke
we
re
di
sp
la
ye
d
on
ma
ps
in
cl
ud
ed
in
th
e
re
po
rt
.
Di
sp
la
ys
in
cl
ud
ed
vo
lu
me
s
fo
r
na
vi
ga
ti
on
dr
ed
gi
ng
an
d
ma
te
ri
al
s
mined from the lakes.
In
fo
rm
at
io
n
on
se
di
me
nt
s
an
d
ma
ps
fo
r
La
ke
s
Er
ie
an
d
On
ta
ri
o
we
re
in
cl
ud
ed
in
th
e
re
po
rt
as
ex
am
pl
es
of
di
sp
la
ys
of
in
fo
rm
at
io
n
wh
ic
h
ca
n
be
us
ed
to
pr
e—
di
ct
th
e
fa
te
of
dr
ed
ge
d
ma
te
ri
al
pl
ac
ed
in
th
e
la
ke
s.
Co
rr
el
at
io
ns
we
re
de
ve
lo
pe
d
an
d
di
sp
la
ye
d
fo
r
be
d
le
ve
l
en
er
gy
di
st
ri
bu
ti
on
an
d
se
di
me
nt
ch
ar
ac
—
te
ri
st
ic
s
fo
r
th
es
e
sa
me
la
ke
s.
Si
mi
la
r
di
sp
la
ys
ar
e
ne
ed
ed
fo
r
th
e
re
ma
in
in
g
lakes in the system.
Si
nc
e
dr
ed
ge
d
ma
te
ri
al
co
nt
ai
n
ch
em
ic
al
co
ns
ti
tu
en
ts
wh
ic
h,
if
re
le
as
ed
to
th
e
wa
te
r
co
lu
mn
,
ca
n
ha
ve
a
se
ri
ou
s
im
pa
ct
on
wa
te
r
qu
al
it
y;
it
is
im
po
rt
an
t
to
kn
ow
th
e
ch
em
ic
al
co
mp
os
it
io
n
of
th
e
la
ke
wa
te
rs
.
Ma
ps
ar
e
ne
ed
ed
to
di
sp
la
y
ch
em
ic
al
co
nc
en
tr
at
io
n
of
im
po
rt
an
t
pa
ra
me
te
rs
.
Ma
ny
of
th
es
e
co
nc
en
tr
at
io
ns
va
ry
co
ns
id
er
ab
lys
ea
so
na
ll
y
an
d
th
er
ef
or
e
su
ch
ma
ps
mu
st
re
fl
ec
t
th
e
se
as
on
al
va
ri
at
io
ns
.
Ma
ps
we
re
in
cl
ud
ed
in
th
e
re
po
rt
fo
r
to
ta
l
ph
os
ph
or
us
(a
s
P
05
),
to
ta
l
me
rc
ur
y
an
d
or
ga
ni
c
ca
rb
on
.
Ot
he
r
pa
ra
me
te
rs
we
re
ob
ta
in
ed
fo
r
se
im
en
ts
co
ll
ec
te
d
an
d
ma
ps
co
ul
d
be
de
ve
lo
pe
d
fo
r
th
es
e
pa
ra
me
te
rs
in
th
e
ov
er
tl
yi
ng
wa
te
rs
.
Wi
th
th
es
e
ma
ps
,
im
pa
ct
of
se
le
ct
ed
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
ca
n
be
pr
ed
ic
te
d
us
in
g
ex
is
ti
ng
el
ut
ri
at
e
te
st
in
g
pr
oc
ed
ur
es
.
As
ot
he
r
sp
ea
ke
rs
ha
ve
in
di
ca
te
d
pr
ev
io
us
ly
,
bi
ol
og
ic
al
ma
pp
in
g
is
po
ss
ib
le
an
d
de
si
ra
bl
e.
Ag
ai
n,
su
ch
ma
ps
wi
ll
be
us
ef
ul
in
lo
ca
ti
ng
di
sp
os
al
si
te
s
fo
r
dr
ed
ge
d
ma
te
ri
al
.
La
bo
ra
to
ry
te
st
in
g
ca
n
pr
ed
ic
t
th
e
im
pa
ct
s
of
dr
ed
ge
ma
te
ri
al
de
po
si
te
d
on
be
nt
hi
c
co
mm
un
it
ie
s
lo
ca
te
d
in
pr
op
os
ed
di
sp
os
al
si
te
.
Fi
sh
er
y
re
so
ur
ce
s
ar
e
of
vi
ta
l
co
nc
er
n
in
th
e
Gr
ea
t
La
ke
s.
Ma
pp
in
g
of
sp
aw
ni
ng
an
d
fe
ed
in
g
ar
ea
s
ar
e
ne
ed
ed
to
pr
ec
lu
de
st
re
ss
in
g
th
es
e
ar
ea
s
by
ei
th
er
dr
ed
gi
ng
or
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
.
Si
nc
e
ma
ny
of
th
es
e
fi
sh
er
y
pa
ra
me
te
rs
ar
e
se
as
on
al
se
ns
it
iv
e,
su
ch
ma
ps
mu
st
be
pr
ep
ar
ed
on
su
ch
a
ba
si
s.
 W
e
h
a
v
e
s
c
h
e
d
u
l
e
d
d
r
e
d
g
i
n
g
i
n
t
h
e
p
a
s
t
t
o
a
v
o
i
d
k
n
o
w
n
f
i
s
h
r
u
n
s
i
n
h
a
r
b
o
r
a
n
d
r
i
v
e
r
s
f
e
e
d
i
n
g
i
n
t
o
t
h
e
l
a
k
e
s
.
T
h
i
s
d
e
f
e
r
r
a
l
c
a
n
r
e
s
u
l
t
i
n
l
o
s
t
p
r
o
d
u
c
t
i
o
n
b
y
t
h
e
d
r
e
d
g
e
s
a
n
d
c
a
n
r
e
s
u
l
t
i
n
d
e
l
a
y
s
t
o
u
s
i
n
g
v
e
s
s
e
l
s
i
f
t
h
e
c
h
a
n
n
e
l
s
a
r
e
s
e
r
i
o
u
s
l
y
b
l
o
c
k
e
d
b
y
s
h
o
a
l
m
a
t
e
r
i
a
l
.
I
t
i
s
i
m
p
e
r
a
t
i
v
e
t
h
a
t
c
o
o
r
d
i
n
a
t
i
o
n
b
e
f
o
r
t
h
c
o
m
i
n
g
t
o
a
v
o
i
d
d
a
m
a
g
e
t
o
f
i
s
h
p
o
p
u
l
a
t
i
o
n
s
a
s
w
e
l
l
a
s
p
r
o
v
i
d
e
m
a
x
i
m
u
m
o
p
p
o
r
t
u
n
i
t
y
f
o
r
n
a
v
i
g
a
t
i
o
n
a
l
u
s
a
g
e
o
f
t
h
e
l
a
k
e
w
a
t
e
r
s
.
M
o
v
i
n
g
o
u
t
o
f
t
h
e
w
a
t
e
r
f
o
r
a
m
o
m
e
n
t
,
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
p
i
n
g
o
f
t
h
e
s
h
o
r
e
—
l
i
n
e
s
t
r
i
p
i
s
n
e
e
d
e
d
t
o
i
d
e
n
t
i
f
y
p
r
e
s
e
n
t
a
n
d
p
r
o
j
e
c
t
e
d
u
s
e
s
o
f
t
h
e
l
a
n
d
a
d
j
a
c
e
n
t
t
o
t
h
e
l
a
k
e
s
.
P
o
l
l
u
t
e
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
s
a
r
e
b
e
i
n
g
p
l
a
c
e
d
i
n
c
o
n
f
i
n
e
d
d
i
s
p
o
s
a
l
a
r
e
a
s
.
T
o
a
s
s
i
s
t
i
n
p
l
a
n
n
i
n
g
,
c
o
n
s
t
r
u
c
t
i
n
g
,
a
n
d
u
s
i
n
g
o
f
t
h
e
s
e
c
o
n
f
i
n
e
d
a
r
e
a
s
,
w
e
n
e
e
d
t
o
k
n
o
w
w
h
a
t
e
n
v
i
r
o
n
m
e
n
t
a
l
l
y
s
e
n
s
i
t
i
v
e
a
r
e
a
s
n
e
e
d
t
o
b
e
a
v
o
i
d
e
d
.
W
e
n
e
e
d
t
o
k
n
o
w
w
h
e
r
e
t
h
e
p
r
o
d
u
c
t
i
v
e
w
e
t
l
a
n
d
s
a
r
e
,
w
i
l
d
l
i
f
e
h
a
b
i
t
a
t
,
r
e
c
r
e
a
t
i
o
n
a
l
a
r
e
a
s
a
r
e
l
o
c
a
t
e
d
,
a
n
d
a
e
s
t
h
e
t
i
c
c
o
n
s
i
d
e
r
a
t
i
o
n
s
a
r
e
i
m
p
o
r
t
a
n
t
.
I
t
h
i
n
k
t
h
i
s
i
d
e
n
t
i
f
i
e
d
s
o
m
e
of
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
p
i
n
g
n
e
e
d
s
of
m
a
n
a
g
e
r
s
e
n
g
a
g
e
d
in
d
r
e
d
g
i
n
g
in
th
e
Gr
ea
t
La
ke
s.
So
me
ne
ed
s
ar
e
a
l
r
e
a
d
y
b
e
i
n
g
a
d
d
r
e
s
s
e
d
;
o
t
h
e
r
s
n
e
e
d
to
be
e
xp
a
n
d
e
d
on
n
e
w
te
ch
ni
qu
es
ap
pl
ie
d
to
d
i
s
p
l
a
y
i
n
f
o
r
m
a
t
i
o
n
a
l
r
e
a
d
y
ac
qu
ir
ed
.
I
a
m
c
o
n
f
i
d
e
n
t
th
at
d
r
e
d
g
i
n
g
an
d
d
i
s
p
o
s
a
l
of
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
ca
n
be
a
c
c
o
m
p
l
i
s
h
e
d
in
an
e
n
vi
r
o
n
m
e
n
t
a
l
l
y
a
c
c
e
p
t
a
b
l
e
m
a
n
n
e
r
—
we
ne
ed
to
kn
ow
,
ho
we
ve
r,
wh
en
we
ha
ve
an
im
pa
ct
on
a
re
so
ur
ce
so
th
at
al
te
rn
at
iv
es
ca
n
be
evaluated.
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AREAS OF NONCOMPLIANCE
PR
OB
LE
M
AR
EA
S
IN
TH
E
GR
EA
T
LA
KE
S
D. R. Rosenberger
International Joint Commission
Great Lakes Regional Office
Windsor, Ontario
INTRODUCTION
In
19
72
,
th
e
Go
ve
rn
me
nt
s
of
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
si
gn
ed
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t.
Th
e
in
te
nt
of
th
e
Ag
re
em
en
t
wa
s
to
"r
es
to
re
an
d
en
ha
nc
e
wa
te
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s;
pr
ev
en
t
de
te
ri
or
at
io
n
of
wa
te
r
qu
al
it
y
on
ea
ch
si
de
of
th
e
bo
un
da
ry
wh
ic
h
wo
ul
d
ca
us
e
in
ju
ry
to
he
al
th
an
d
pr
op
er
ty
on
th
e
ot
he
r
si
de
;
an
d
pr
ev
en
t
fu
rt
he
r
po
ll
ut
io
n
of
th
e
Gr
ea
t
La
ke
s
sy
st
em
".
Th
e
Ag
re
em
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FIGURE 1. GUIDELINES FOR GREAT LAKES WATER QUALITY ASSESSMENT
 
GREAT LAKES
WATER QUALITY
a
   
  
WHOLE LAKE
PROBLEMS
GEOGRAPHICAL AREAS
NOT MEETING
WATER QUALITY OBJECTIVES
   
MIXING ZONES PROBLEM AREAS NATURAL AREAS
EXPLANATION OF TERMS
 
Restricted zones in the vicinity of point source wastewater
discharges within which the specific water quality
objectives shall not apply.
MIXING ZONES -
NATURAL AREAS — Areas that do not meet water quality objectives due to
natural conditions.
PROBLEM AREAS — General geographical locations where water quality
objectives and/or standards are not being met. The water
quality in these locations can be improved through
remedial measures.
Problem areas are further classified as:
a) Short Term Problems. Where the water quality
parameters identified with the problem can be
improved through short term abatement programs.
or
b) Long Term Problems. Where the parameters
identified with the problem are expected to be
improved through long term abatement programs.
These are problems for which technological
and/or legal remedial measures may not be
currently available.
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rt
ed
.
Th
e
p
r
o
b
l
e
m
a
r
e
a
s
of
g
r
e
a
t
e
s
t
s
i
g
n
i
f
i
c
a
n
c
e
i
n
L
a
k
e
E
r
i
e
w
e
r
e
:
D
e
t
r
o
i
t
R
i
ve
r
—
F
e
c
a
l
an
d
to
ta
l
c
o
l
i
f
o
r
m
le
ve
ls
ar
e
a
b
o
ve
o
b
j
e
c
t
i
v
e
s
in
t
h
e
D
e
t
r
o
i
t
,
W
i
n
d
s
o
r
a
n
d
A
m
h
e
r
s
t
b
u
r
g
a
r
e
a
s
.
P
h
e
n
o
l
s
a
n
d
t
o
t
a
l
i
r
o
n
v
i
o
l
a
t
i
o
n
s
a
l
s
o
e
xi
s
t
.
A
s
h
t
a
b
u
l
a
R
i
v
e
r
—
T
h
e
p
r
i
m
a
r
y
c
o
n
c
e
r
n
i
n
A
s
h
t
a
b
u
l
a
H
a
r
b
o
r
is
t
h
e
c
h
e
m
i
c
a
l
p
o
l
l
u
t
i
o
n
c
a
u
s
e
d
b
y
F
i
e
l
d
s
B
r
o
o
k
i
n
d
u
s
t
r
i
a
l
c
o
m
p
l
e
x
.
D
i
s
s
o
l
v
e
d
so
li
ds
,
fe
ca
l
co
li
fo
rm
,
d
i
s
s
o
l
ve
d
o
xy
g
e
n
an
d
c
h
l
o
r
i
d
e
v
i
o
l
a
t
i
o
n
s
h
a
ve
b
e
e
n
de
te
ct
ed
.
C
l
e
v
e
l
a
n
d
A
r
e
a
—
W
a
t
e
r
q
u
a
l
i
t
y
in
C
l
e
v
e
l
a
n
d
H
a
r
b
o
r
is
d
e
g
r
a
d
e
d
a
s
a
r
e
s
u
l
t
of
t
h
e
d
i
s
c
h
a
r
g
e
of
t
h
e
C
u
y
a
h
o
g
a
R
i
v
e
r
.
M
e
a
s
u
r
e
m
e
n
t
s
in
t
h
e
r
i
v
e
r
i
n
d
i
c
a
t
e
p
r
o
b
l
e
m
s
w
i
t
h
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
,
a
m
m
o
n
i
a
,
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
,
z
i
n
c
,
c
o
p
p
e
r
,
p
h
e
n
o
l
s
,
c
y
a
n
i
d
e
a
n
d
t
h
e
r
m
a
l
i
n
p
u
t
s
.
ONTARIO
I
n
t
h
e
f
i
f
t
e
e
n
p
r
o
b
l
e
m
a
r
e
a
s
r
e
p
o
r
t
e
d
,
n
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
a
n
d
b
a
c
t
e
r
i
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
w
e
r
e
t
h
e
p
r
i
m
a
r
y
p
r
o
b
l
e
m
s
.
A
r
e
a
s
o
f
p
r
i
m
a
r
y
c
o
n
c
e
r
n
included:
N
i
a
g
a
r
a
R
i
v
e
r
(
U
p
p
e
r
N
i
a
g
a
r
a
R
i
v
e
r
,
T
o
n
a
w
a
n
d
a
C
h
a
n
n
e
l
a
n
d
L
o
w
e
r
N
i
a
g
a
r
a
R
i
v
e
r
)
—
I
n
d
u
s
t
r
i
a
l
a
n
d
m
u
n
i
c
i
p
a
l
d
i
s
c
h
a
r
g
e
s
i
n
t
h
e
r
i
v
e
r
h
a
v
e
r
e
s
u
l
t
e
d
i
n
p
r
o
b
l
e
m
s
o
f
p
h
e
n
o
l
a
n
d
b
a
c
t
e
r
i
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
.
P
h
o
s
p
h
o
r
u
s
l
o
a
d
i
n
g
a
n
d
d
i
s
c
o
l
o
r
a
t
i
o
n
o
f
t
h
e
w
a
t
e
r
w
a
s
a
l
s
o
e
v
i
d
e
n
t
.
T
o
r
o
n
t
o
H
a
r
b
o
r
a
n
d
W
a
t
e
r
f
r
o
n
t
-
U
n
a
c
c
e
p
t
a
b
l
e
t
o
t
a
l
a
n
d
f
e
c
a
l
c
o
l
i
f
o
r
m
c
o
u
n
t
s
a
r
e
f
o
u
n
d
i
n
t
h
e
h
a
r
b
o
r
a
n
d
a
l
o
n
g
w
e
s
t
e
r
n
b
e
a
c
h
e
s
.
O
v
e
r
f
l
o
w
f
r
o
m
t
h
e
i
n
t
e
r
c
e
p
t
o
r
i
s
a
p
r
i
n
c
i
p
a
l
s
o
u
r
c
e
o
f
c
o
n
t
a
m
i
n
a
t
i
o
n
.
H
a
m
i
l
t
o
n
H
a
r
b
o
r
—
C
o
l
i
f
o
r
m
l
e
v
e
l
s
a
l
o
n
g
t
h
e
s
o
u
t
h
s
h
o
r
e
o
f
t
h
e
h
a
r
b
o
r
e
x
c
e
e
d
t
h
e
I
J
C
o
b
j
e
c
t
i
v
e
.
D
e
c
r
e
a
s
e
d
o
x
y
g
e
n
l
e
v
e
l
s
r
e
s
u
l
t
f
r
o
m
o
x
y
g
e
n
c
o
n
s
u
m
i
n
g
d
i
s
c
h
a
r
g
e
s
,
s
e
d
i
m
e
n
t
o
x
y
g
e
n
d
e
m
a
n
da
n
d
p
h
y
t
o
p
l
a
n
k
t
o
n
d
e
c
a
y
.
M
A
P
P
I
N
G
A
R
E
A
S
O
F
N
O
N
C
O
M
P
L
I
A
N
C
E
T
h
e
f
o
r
e
g
o
i
n
g
d
i
s
c
u
s
s
i
o
n
i
n
d
i
c
a
t
e
s
t
h
a
t
t
h
e
d
a
t
a
b
a
s
e
m
a
i
n
t
a
i
n
e
d
w
i
t
h
i
n
t
h
e
r
e
s
p
e
c
t
i
v
e
G
r
e
a
t
L
a
k
e
s
i
n
s
t
i
t
u
t
i
o
n
s
is
s
u
f
f
i
c
i
e
n
t
to
i
n
i
t
i
a
t
e
a
p
r
o
g
r
a
m
o
f
m
a
p
p
i
n
g
a
r
e
a
s
o
f
n
o
n
c
o
m
p
l
i
a
n
c
e
.
H
o
w
e
v
e
r
,
a
n
o
t
e
o
f
c
a
u
t
i
o
n
s
h
o
u
l
d
b
e
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 e
x
e
r
c
i
s
e
d
i
n
t
h
e
m
a
n
n
e
r
i
n
w
h
i
c
h
a
r
e
a
s
o
f
n
o
n
c
o
m
p
l
i
a
n
c
e
a
r
e
p
r
e
s
e
n
t
e
d
o
n
m
a
p
S
.
B
y
t
h
e
m
s
e
l
v
e
s
,
a
r
e
a
s
o
f
n
o
n
c
o
m
p
l
i
a
n
c
e
r
e
p
r
e
s
e
n
t
o
n
l
y
a
p
a
r
t
i
a
l
p
i
c
t
u
r
e
o
f
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
q
u
a
l
i
t
y
.
T
h
e
y
a
r
e
b
u
t
o
n
e
e
n
d
o
f
b
r
o
a
d
s
p
e
c
t
r
u
m
o
f
w
a
t
e
r
q
u
a
l
i
t
y
d
a
t
a
c
o
l
l
e
c
t
e
d
t
h
r
o
u
g
h
m
o
n
i
t
o
r
i
n
g
a
n
d
s
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
s
.
T
o
p
r
e
v
e
n
t
m
i
s
i
n
t
e
r
p
r
e
t
a
t
i
o
n
,
d
a
t
a
o
n
a
r
e
a
s
o
f
n
o
n
c
o
m
p
l
i
a
n
c
e
s
h
o
u
l
d
b
e
p
r
e
s
e
n
t
e
d
i
n
c
o
n
c
e
r
t
w
i
t
h
t
h
e
e
n
t
i
r
e
d
a
t
a
b
a
s
e
.
P
r
e
s
e
n
t
a
t
i
o
n
o
f
a
r
e
a
s
o
f
n
o
n
c
o
m
p
l
i
a
n
c
e
d
a
t
a
i
n
G
r
e
a
t
L
a
k
e
s
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
c
a
n
b
e
f
o
r
m
a
t
e
d
i
n
s
e
v
e
r
a
l
w
a
y
s
.
T
h
e
y
c
a
n
b
e
l
i
s
t
e
d
a
c
c
o
r
d
i
n
g
t
o
t
h
e
t
y
p
e
o
f
n
o
n
c
o
m
p
l
i
a
n
c
e
o
b
s
e
r
v
e
d
(
i
.
e
.
m
i
x
i
n
g
z
o
n
e
,
n
a
t
u
r
a
l
a
r
e
a
,
a
n
d
p
r
o
b
l
e
m
a
r
e
a
)
.
T
h
i
s
t
y
p
e
o
f
m
a
p
p
i
n
g
s
e
r
v
e
s
p
r
i
m
a
r
i
l
y
a
s
a
m
e
a
n
s
o
f
i
d
e
n
t
i
f
y
i
n
g
t
h
o
s
e
a
r
e
a
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
w
h
e
r
e
r
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
a
r
e
w
a
r
r
a
n
t
e
d
a
n
d
a
s
s
u
c
h
,
i
s
d
e
s
i
g
n
e
d
t
o
s
e
r
v
e
t
h
e
n
e
e
d
s
o
f
r
e
g
u
l
a
t
o
r
y
a
g
e
n
c
i
e
s
.
E
x
t
e
n
s
i
v
e
s
u
p
p
o
r
t
i
v
e
t
e
x
t
d
a
t
a
m
u
s
t
a
c
c
o
m
p
a
n
y
t
h
e
s
e
m
a
p
s
f
o
r
d
e
s
c
r
i
p
t
i
o
n
a
n
d
c
l
a
r
i
f
i
c
a
t
i
o
n
.
A
s
e
c
o
n
d
a
p
p
r
o
a
c
h
i
s
t
o
s
h
o
w
t
h
e
s
i
z
e
a
n
d
c
o
n
f
i
g
u
r
a
t
i
o
n
o
f
t
h
e
n
o
n
c
o
m
-
p
l
i
a
n
c
e
a
r
e
a
.
T
h
e
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
u
t
i
l
i
z
e
s
t
h
i
s
t
e
c
h
n
i
q
u
e
t
o
d
i
s
p
l
a
y
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
(
F
i
g
u
r
e
4
a
n
d
5
)
.
T
h
e
i
r
m
a
p
s
i
d
e
n
t
i
f
y
t
h
e
p
o
s
i
t
i
o
n
s
o
f
e
a
c
h
s
a
m
p
l
i
n
g
s
t
a
t
i
o
n
o
n
a
r
a
n
g
e
.
I
f
a
n
o
b
j
e
c
t
i
v
e
v
a
l
u
e
w
a
s
e
x
c
e
e
d
e
d
f
o
r
a
n
y
s
a
m
p
l
e
a
t
a
s
t
a
t
i
o
n
,
a
s
q
u
a
r
e
w
a
s
p
l
a
c
e
d
a
r
o
u
n
d
t
h
e
d
o
t
.
I
f
t
h
e
m
e
a
n
v
a
l
u
e
o
f
a
l
l
s
a
m
p
l
e
s
c
o
l
l
e
c
t
e
d
a
t
t
h
a
t
s
t
a
t
i
o
n
e
x
c
e
e
d
e
d
t
h
e
o
b
j
e
c
t
i
v
e
,
t
h
e
s
q
u
a
r
e
i
s
e
n
c
l
o
s
e
d
w
i
t
h
a
c
i
r
c
l
e
.
T
h
i
s
t
y
p
e
o
f
m
a
p
p
i
n
g
h
a
s
t
h
e
a
b
i
l
i
t
y
o
f
s
h
o
w
i
n
g
s
p
e
c
i
a
l
t
r
e
n
d
s
a
n
d
a
s
a
r
e
s
u
l
t
,
c
a
u
s
e
a
n
d
e
f
f
e
c
t
r
e
l
a
t
i
o
n
s
h
i
p
s
b
e
t
w
e
e
n
s
o
u
r
c
e
d
i
s
c
h
a
r
g
e
s
a
n
d
t
h
e
s
e
t
r
e
n
d
s
a
r
e
o
b
s
e
r
v
e
d
.
A
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e
m
a
p
s
p
r
o
d
u
c
e
d
o
v
e
r
a
p
e
r
i
o
d
o
f
y
e
a
r
s
d
e
m
o
n
s
t
r
a
t
e
s
t
h
e
e
f
f
e
c
t
s
o
f
r
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
o
n
t
h
e
r
e
c
e
i
v
i
n
g
w
a
t
e
r
s
.
H
o
w
e
v
e
r
,
s
u
c
h
m
a
p
s
l
a
c
k
t
h
e
c
a
p
a
b
i
l
i
t
y
o
f
s
h
o
w
i
n
g
s
e
a
s
o
n
a
l
v
a
r
i
a
t
i
o
n
s
i
n
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
,
a
n
d
t
h
e
n
u
m
e
r
i
c
a
l
e
x
t
e
n
t
of
a
p
a
r
a
m
e
t
e
r
v
i
o
l
a
t
i
o
n
(e
.g
.
0
.
8
u
g
p
h
e
n
o
l
/
£
o
r
8
.
0
p
g
p
h
e
n
o
l
/
l
)
.
A
t
h
i
r
d
a
p
p
r
o
a
c
h
is
t
h
a
t
u
s
e
d
b
y
t
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
of
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
a
n
d
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
,
W
a
t
e
r
Q
u
a
l
i
t
y
B
r
a
n
c
h
in
a
s
s
e
s
s
i
n
g
a
n
u
m
b
e
r
of
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
s
i
n
t
h
e
St
.
L
a
w
r
e
n
c
e
R
i
v
e
r
,
F
i
g
u
r
e
6
a
n
d
7
e
x
e
m
p
l
i
f
y
t
h
i
s
te
ch
ni
qu
e.
Ba
r
gr
ap
hs
ar
e
d
i
s
p
l
a
ye
d
fo
r
ea
ch
s
t
a
t
i
o
n
l
o
c
a
t
i
o
n
a
l
o
n
g
th
e
r
i
v
e
r
.
T
h
i
s
a
p
p
r
o
a
c
h
h
a
s
t
h
e
a
d
v
a
n
t
a
g
e
of
d
i
s
p
l
a
y
i
n
g
t
h
e
n
u
m
e
r
i
c
a
l
c
h
a
r
a
c
t
e
r
—
i
s
t
i
c
s
of
a
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
a
n
d
t
h
e
s
p
a
t
i
a
l
s
h
i
f
t
f
r
o
m
n
o
n
c
o
m
p
l
i
a
n
c
e
to
c
o
m
p
l
i
a
n
c
e
is
r
e
a
d
i
l
y
o
b
s
e
r
v
a
b
l
e
t
h
r
o
u
g
h
o
u
t
t
h
e
c
o
u
r
s
e
of
t
h
e
r
i
v
e
r
a
n
d
al
so
c
h
a
n
g
e
t
h
r
o
u
g
h
ti
me
.
Th
is
ty
pe
of
di
sp
la
y,
ho
we
ve
r,
la
ck
s
th
e
c
a
p
a
c
i
t
y
o
f
s
h
o
w
i
n
g
t
h
e
a
e
r
i
a
l
e
x
t
e
n
t
of
w
a
t
e
r
q
u
a
l
i
t
y
v
a
r
i
a
t
i
o
n
s
.
In
su
mm
ar
y,
t
h
e
r
e
do
es
a
p
p
e
a
r
to
be
an
a
d
e
q
ua
t
e
d
a
t
a
b
a
s
e
w
i
t
h
i
n
i
n
s
t
i
t
u-
t
i
o
n
a
l
m
o
n
i
t
o
r
i
n
g
an
d
s
ur
ve
i
l
l
a
n
c
e
p
r
o
g
r
a
m
s
to
i
n
i
t
i
a
t
e
a
p
r
o
g
r
a
m
of
e
n
vi
r
o
n
-
me
nt
al
ma
pp
in
g
fo
r
wa
te
r
qu
al
it
y
ch
ar
ac
te
ri
st
ic
s
of
ar
ea
s
of
no
nc
om
pl
ia
nc
e.
Ma
pp
in
g
th
es
e
ar
ea
s
sh
ou
ld
ta
ke
pl
ac
e
wi
th
in
th
e
sp
ec
tr
um
of
th
e
ov
er
al
l
wa
te
r
qu
al
it
y
ch
ar
ac
te
ri
st
ic
s
of
th
e
la
ke
s.
Se
ve
ra
l
ty
pe
s
of
ma
ps
co
ul
d
be
pr
od
uc
ed
de
pe
nd
in
g
on
th
e
in
te
nd
ed
ob
je
ct
iv
es
of
th
e
ma
pp
in
g
pr
og
ra
m.
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TH
E
MA
IN
TE
NA
NC
E
OF
EC
OS
YS
TE
M
IN
TE
GR
IT
Y
ON THE GREAT LAKES
R. A. Ryder
Fish and Wildlife Research
On
ta
ri
o
Mi
ni
st
ry
of
Na
tu
ra
l
Re
so
ur
ce
s
Thunder Bay, Ontario
AB
ST
RA
CT
OF
PR
ES
EN
TA
TI
ON
Th
e
Gr
ea
t
La
ke
s
wa
te
rs
he
d
co
ns
ti
tu
te
s
bu
t
a
si
ng
le
su
b-
sy
st
em
of
th
e
gl
ob
al
ec
os
ys
te
m.
As
su
ch
,
it
is
co
mp
ri
se
d
of
se
ts
of
in
te
ra
ct
in
g
st
at
e
(m
at
te
r)
an
d
dr
iv
in
g
(e
ne
rg
y)
va
ri
ab
le
s
co
ns
tr
ai
ne
d
by
th
e
di
me
ns
io
ns
of
sp
ac
e,
ti
me
an
d
di
ve
rs
it
y.
Ho
me
os
ta
si
s
of
th
e
sy
st
em
un
de
r
na
tu
ra
l
co
n—
di
ti
on
s
is
ma
in
ta
in
ed
th
ro
ug
h
cy
be
rn
et
ic
fe
ed
ba
ck
en
su
ri
ng
a
pe
rp
et
ua
l
st
ea
dy
-s
ta
te
wi
th
pr
ed
ic
ta
bl
e
va
ri
an
ce
an
d
ou
tp
ut
(e
.g
.
fi
sh
er
ie
s
yi
el
d)
.
As
a
na
tu
ra
l
sy
st
em
,
th
e
Gr
ea
t
La
ke
s
ar
e
re
si
li
en
t
to
ab
io
ti
c
va
ri
ab
il
it
y
in
du
ce
d
by
cl
im
at
ic
,
hy
dr
ol
og
ic
or
ph
ys
io
gr
ap
hi
c
fl
ux
.
Th
is
sy
st
em
ha
s
ev
ol
ve
d
ov
er
a
ge
ol
og
ic
ti
me
—f
ra
me
su
ch
th
at
it
s
co
nt
ai
ne
d
bi
ot
a
ha
ve
ac
qu
ir
ed
ge
ne
ti
c
ad
ap
ta
bi
li
ty
to
bo
th
di
ur
na
l
an
d
an
nu
al
ab
io
ti
c
va
ri
at
io
ns
.
Cu
lt
ur
al
st
re
ss
es
on
th
e
Gr
ea
t
La
ke
s
su
ch
as
th
e
ad
di
ti
on
of
to
xi
ca
nt
s,
nu
tr
ie
nt
lo
ad
in
g,
sh
or
el
in
e
er
os
io
n,
ex
ce
ss
iv
e
or
in
eq
ui
ta
bl
e
fi
sh
in
g,
ha
ve
re
su
lt
ed
in
se
ct
or
ia
l
sy
st
em
mo
di
fi
ca
ti
on
s
wh
ic
h
ha
ve
re
du
ce
d
th
e
re
si
li
en
ce
of
th
e
wh
ol
e—
sy
st
em
to
na
tu
ra
l
ab
io
ti
c
st
re
ss
es
.
Th
e
Gr
ea
t
La
ke
s
as
a
wh
ol
e-
sy
st
em
mi
gh
t
be
co
ns
id
er
ed
an
al
og
ou
s
to
a
co
mp
le
x
or
ga
ni
sm
.
Th
e
sy
st
em
in
te
gr
it
y
of
a
ve
rt
eb
ra
te
,
fo
r
ex
am
pl
e,
wo
ul
d
de
pe
nd
on
th
e
pr
op
er
fu
nc
ti
on
in
g
of
vi
ta
l
co
mp
on
en
t
pa
rt
s
su
ch
as
th
e
he
ar
t,
lu
ng
s
or
li
ve
r.
Ma
lf
un
ct
io
n
or
lo
ss
of
an
y
of
th
es
e
vi
ta
l
or
ga
ns
wo
ul
d
ca
us
e
th
e
de
at
h
of
th
e
or
ga
ni
sm
an
d
a
lo
ss
of
th
e
sy
st
em
st
ea
dy
—s
ta
te
.
Th
e
an
al
og
ou
s
si
tu
at
io
n
in
th
e
Gr
ea
t
La
ke
s
wo
ul
d
oc
cu
r
wi
th
th
e
lo
ss
of
de
te
ri
or
at
io
n
of
a
su
b-
sy
st
em
co
mp
on
en
t
su
ch
as
a
tr
ib
ut
ar
y
st
re
am
,
ne
ar
sh
or
e
zo
ne
,
em
ba
ym
en
t
or
su
bs
tr
at
e-
wa
te
r
in
te
rf
ac
e.
Co
ns
eq
ue
nt
ly
,
re
so
ur
ce
al
lo
ca
ti
on
ba
se
d
on
su
b—
sy
st
em
co
mp
on
en
t
tr
ad
e—
of
fs
ca
nn
ot
fo
rm
a
vi
ab
le
ba
si
s
fo
r
ma
na
ge
me
nt
st
ra
te
gy
.
In
st
ea
d,
th
e
em
er
ge
nt
pr
op
er
ti
es
of
th
e
wh
ol
e
sy
st
em
mu
st
be
de
te
rm
in
ed
,
an
d
ma
na
ge
me
nt
te
ch
ni
qu
es
de
vi
se
d
to
ma
in
ta
in
th
e
in
te
gr
it
y
of
th
e
na
tu
ra
l
sy
st
em
wi
th
in
re
as
on
ab
le
cultural constraints.
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Sﬂ
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AS
PE
II
IS
llf
EE
NE
II
M
II
IS
BI
IS
SI
II
N
Th
is
ch
ap
te
r
co
nt
ai
ns
se
le
ct
ed
ex
ce
rp
ts
an
d
vi
ew
s
ex
pr
es
se
d
at
an
in
fo
rm
al
di
sc
us
si
on
se
ss
io
n
he
ld
on
th
e
ev
en
in
g
of
th
e
se
co
nd
da
y
of
th
e
wo
rk
sh
op
.
Th
e
in
te
nt
of
th
e
se
ss
io
n
wa
s
to
pr
ov
id
e
th
e
wo
rk
sh
op
at
te
nd
ee
s
th
e
op
po
rt
un
it
y
to
ex
pr
es
s
th
ei
r
vi
ew
s
an
d
co
nc
er
ns
on
th
e
co
nc
ep
ts
of
ma
pp
in
g;
wh
et
he
r
ma
pp
in
gw
ou
ld
be
a
wo
rt
hw
hi
le
ef
fo
rt
fo
r
th
e
Gr
ea
t
La
ke
s;
an
d
to
de
sc
ri
be
in
di
vi
du
al
ma
pp
in
g
ef
fo
rt
s
cu
rr
en
tl
y
un
de
rw
ay
.
Se
le
ct
ed
in
di
vi
du
al
s
pr
ov
id
ed
sp
ec
if
ic
co
mm
en
ts
wh
ic
h
re
fl
ec
te
d
th
e
te
no
r
of
th
e
di
sc
us
si
on
th
at
tr
an
sp
ir
ed
du
ri
ng
th
is
ev
en
in
g
se
ss
io
n.
Th
ei
r
ve
rb
al
ed
it
ed
co
mm
en
ts
ar
e
pr
es
en
te
d.
Ot
he
r
th
ou
gh
ts
wh
ic
h
em
er
ge
d
du
ri
ng
th
e
co
ur
se
of
di
sc
us
si
on
ar
e
hi
gh
li
gh
te
d
in
ed
it
ed
po
in
t
su
mm
ar
ie
s.
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SELECTED COMMENTS
W.
HA
RA
S:
In
re
vi
ew
in
g
yo
ur
pr
og
ra
m,
I
de
te
ct
qu
it
e
a
te
nd
en
cy
to
co
me
up
wi
th
an
at
la
s,
a
pr
oc
es
s
I
we
nt
th
ro
ug
h
in
pr
od
uc
in
g
th
e
Ca
na
da
—O
nt
ar
io
co
as
ta
l
zo
ne
at
la
s,
pu
bl
is
he
d
th
is
su
mm
er
.
Th
e
at
la
s
is
no
t
th
e
us
ua
l
si
ng
le
ed
it
io
n
wh
ic
h
be
co
me
s
da
te
d
an
d
lo
se
s
it
s
ef
fe
ct
iv
en
es
s
as
so
on
as
it
is
pu
bl
is
he
d.
In
st
ea
d,
th
is
at
la
s
wa
s
pu
bl
is
he
d
in
lo
os
e-
le
af
fo
rm
so
th
at
it
ca
n
be
up
da
te
d
ev
er
y
ye
ar
or
as
re
qu
ir
ed
.
Th
us
sh
ee
ts
fo
r
th
e
st
at
ic
po
rt
io
ns
of
th
e
co
as
ta
l
zo
ne
wi
ll
re
ma
in
th
e
sa
me
,
wh
il
e
th
e
sh
ee
ts
fo
r
dy
na
mi
c
ar
ea
s
ca
n
be
re
pl
ac
ed
.
Th
e
re
su
lt
is
an
at
la
s
th
at
is
al
wa
ys
up
to
da
te
.
An
y
ne
w
at
la
se
s
co
ul
d
be
ba
se
d
on
th
is
pr
em
is
e.
Th
e
at
la
s
we
ha
ve
pr
od
uc
ed
co
ul
d
be
us
ed
as
a
ba
se
fo
r
co
ns
tr
uc
ti
ng
ot
he
r
Gr
ea
t
La
ke
s
ma
ps
wi
th
it
s
sc
al
e
of
l/
l0
,0
00
mo
sa
ic
s
at
th
e
pe
ak
19
73
wa
te
r
le
ve
ls
an
d
cr
os
s
se
ct
io
ns
ev
er
y
on
e
ha
lf
mi
le
.
Wi
th
th
is
ba
se
,
I
th
in
k
we
ca
n
ad
d
an
y
ot
he
r
en
vi
ro
nm
en
ta
l
pa
ra
me
te
rs
th
at
yo
u
ar
e
co
ns
id
er
in
g.
It
is
a
th
ou
gh
t
fo
r
yo
u
to
to
ss
ar
ou
nd
,
di
sc
us
s,
ac
ce
pt
or
th
ro
w
ou
t.
F.
J
E
N
K
I
N
S
:
Y
o
u
m
i
g
h
t
be
i
n
t
e
r
e
s
t
e
d
in
ou
r
p
l
a
n
s
fo
r
a
n
I
F
Y
G
L
at
la
s.
A
b
o
u
t
tw
o
ye
a
r
s
ag
o,
in
th
e
U.
S.
I
F
Y
G
L
P
r
o
j
e
c
t
Of
fi
ce
,
we
d
e
c
i
d
e
d
th
at
si
nc
e
t
h
e
r
e
wa
s
a
lo
t
of
w
o
r
k
b
e
i
n
g
d
o
n
e
in
c
o
l
l
e
c
t
i
n
g
an
d
a
n
a
l
y
z
i
n
g
I
F
Y
G
L
d
a
t
a
an
d
th
e
r
e
s
u
l
t
s
w
e
r
e
g
o
i
n
g
to
b
e
p
u
b
l
i
s
h
e
d
i
n
m
a
n
y
d
i
f
f
e
r
e
n
t
p
l
a
c
e
s
a
n
d
i
n
m
a
n
y
d
i
f
f
e
r
e
n
t
f
o
r
m
s
,
p
e
r
h
a
p
s
t
h
e
r
e
s
h
o
u
l
d
b
e
a
s
u
m
m
a
r
y
i
n
a
t
l
a
s
f
o
r
m
w
h
i
c
h
w
o
u
l
d
b
e
a
v
a
i
l
a
b
l
e
f
o
r
r
e
s
o
u
r
c
e
m
a
n
a
g
e
r
s
,
l
i
b
r
a
r
i
e
s
a
n
d
p
e
o
p
l
e
w
a
n
t
i
n
g
to
u
s
e
I
F
Y
G
L
d
a
t
a
a
s
b
a
c
k
g
r
o
u
n
d
i
n
f
o
r
m
a
t
i
o
n
.
A
s
a
r
e
s
u
l
t
,
w
e
d
e
c
i
d
e
d
to
p
u
b
l
i
s
h
a
n
a
t
l
a
s
.
I
d
o
n
'
t
k
n
o
w
i
f
m
a
n
y
o
f
y
o
u
a
r
e
a
w
a
r
e
o
f
t
h
e
B
O
M
E
X
p
r
o
g
r
a
m
(
B
a
r
b
a
d
o
s
o
c
e
a
n
o
—
g
r
a
p
h
i
c
a
n
d
m
e
t
e
o
r
o
l
o
g
i
c
a
l
e
x
p
e
r
i
m
e
n
t
)
b
u
t
t
h
e
y
a
l
s
o
p
u
b
l
i
s
h
e
d
a
s
e
r
i
e
s
o
f
a
t
l
a
s
e
s
.
T
h
e
r
e
s
u
l
t
o
f
t
h
a
t
s
t
u
d
y
a
n
d
o
u
r
s
w
i
l
l
b
e
s
o
m
e
w
h
a
t
a
l
o
n
g
t
h
e
s
a
m
e
line.
T
h
e
I
F
Y
G
L
a
t
l
a
s
w
i
l
l
h
a
v
e
c
h
a
p
t
e
r
s
w
i
t
h
s
o
m
e
t
e
x
t
e
x
p
l
a
i
n
i
n
g
t
h
e
d
a
t
a
c
o
l
l
e
c
t
i
o
n
s
y
s
t
e
m
s
a
n
d
t
h
e
n
a
t
u
r
e
o
f
t
h
e
d
a
t
a
.
T
h
e
r
e
w
i
l
l
b
e
l
i
m
n
o
l
o
g
i
c
a
l
,
h
y
d
r
o
l
o
g
i
c
a
l
a
n
d
m
e
t
e
o
r
o
l
o
g
i
c
a
l
d
a
t
a
c
o
n
t
a
i
n
e
d
i
n
t
h
e
a
t
l
a
s
,
w
h
i
c
h
w
i
l
l
i
n
c
l
u
d
e
m
o
n
t
h
l
y
m
e
a
n
s
o
f
v
a
r
i
o
u
s
p
a
r
a
m
e
t
e
r
s
a
n
d
a
l
s
o
i
n
f
o
r
m
a
t
i
o
n
o
n
t
h
e
v
a
r
i
—
a
b
i
l
i
t
y
o
f
t
h
e
s
e
p
a
r
a
m
e
t
e
r
s
i
n
t
i
m
e
a
n
d
s
p
a
c
e
.
T
h
e
a
t
l
a
s
w
i
l
l
h
a
v
e
a
c
h
a
p
t
e
r
o
n
t
h
e
s
u
r
f
a
c
e
a
i
r
t
e
m
p
e
r
a
t
u
r
e
i
n
c
l
u
d
i
n
g
m
o
n
t
h
l
y
m
e
a
n
m
a
p
s
a
n
d
h
i
s
t
o
g
r
a
m
s
o
f
t
h
e
l
a
k
e
a
v
e
r
a
g
e
t
e
m
p
e
r
a
t
u
r
e
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
r
e
w
i
l
l
b
e
m
o
n
t
h
l
y
m
a
p
s
o
f
t
h
e
m
e
a
n
t
e
m
p
e
r
a
t
u
r
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
a
i
r
a
n
d
t
h
e
w
a
t
e
r
s
u
r
f
a
c
e
a
n
d
h
i
s
t
o
g
r
a
m
s
o
f
t
h
e
h
o
u
r
l
y
v
a
r
i
a
t
i
o
n
.
A
c
h
a
p
t
e
r
w
i
l
l
c
o
n
t
a
i
n
m
o
n
t
h
l
y
m
e
a
n
m
a
p
s
o
f
s
u
r
f
a
c
e
w
i
n
d
s
p
e
e
d
,
w
i
n
d
d
i
r
e
c
t
i
o
n
f
r
e
q
u
e
n
c
y
m
a
p
s
,
a
n
d
r
e
s
u
l
t
i
n
g
w
i
n
d
m
a
p
s
.
H
i
s
t
o
g
r
a
m
s
o
f
t
h
e
l
a
k
e
a
v
e
r
a
g
e
w
i
n
d
s
w
i
l
l
i
n
d
i
c
a
t
e
f
r
e
q
u
e
n
c
y
o
f
o
c
c
u
r
r
e
n
c
e
o
f
w
i
n
d
s
p
e
e
d
.
O
t
h
e
r
c
h
a
p
t
e
r
s
w
i
l
l
i
n
c
l
u
d
e
i
n
f
o
r
m
a
t
i
o
n
o
n
s
u
r
f
a
c
e
h
u
m
i
d
i
t
y
a
n
d
p
r
e
c
i
p
i
t
a
t
i
o
n
.
G
e
n
e
R
a
s
m
u
s
s
e
n
i
s
p
r
e
p
a
r
i
n
g
a
c
h
a
p
t
e
r
o
n
u
p
p
e
r
a
i
r
p
a
r
a
m
e
t
e
r
s
s
h
o
w
i
n
g
a
t
i
m
e
p
l
o
t
o
f
t
h
e
v
e
r
t
i
c
l
e
p
r
o
f
i
l
e
s
o
f
t
e
m
p
e
r
a
t
u
r
e
,
w
i
n
d
,
a
n
d
h
u
m
i
d
i
t
y
.
M
a
n
y
o
f
y
o
u
k
n
o
w
t
h
a
t
w
e
h
a
d
t
h
e
l
a
k
e
p
r
e
t
t
y
w
e
l
l
c
o
v
e
r
e
d
w
i
t
h
r
a
d
a
r
s
.
T
h
e
s
t
u
d
i
e
s
w
e
r
e
c
o
n
d
u
c
t
e
d
t
o
d
e
r
i
v
e
t
h
e
p
r
e
c
i
p
i
t
a
t
i
o
n
o
v
e
r
t
h
e
l
a
k
e
f
r
o
m
t
h
e
r
a
d
a
r
a
n
d
c
o
m
p
a
r
i
s
o
n
s
w
e
r
e
m
a
d
e
w
i
t
h
t
h
e
b
a
s
i
n
s
u
r
r
o
u
n
d
i
n
g
i
t
.
T
h
e
r
e
w
i
l
l
a
l
s
o
b
e
s
o
m
e
t
h
i
n
g
o
n
t
h
e
r
a
d
i
a
t
i
o
n
d
u
r
i
n
g
t
h
e
y
e
a
r
.
H
y
d
r
o
l
o
g
i
c
a
l
i
n
f
o
r
m
a
t
i
o
n
;
i
n
c
l
u
d
e
s
w
a
t
e
r
l
e
v
e
l
s
,
s
t
r
e
a
m
f
l
o
w
a
n
d
i
c
e
c
o
v
e
r
d
u
r
i
n
g
t
h
e
w
i
n
t
e
r
o
f
1
9
7
2
—
7
3
.
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We
wi
ll
ha
ve
a
ma
p
sh
ow
in
g
ti
me
pr
og
re
ss
io
n
of
th
e
ic
e
co
ve
r
an
d
co
mp
ar
e
th
is
wi
th
no
rm
al
ic
e
pr
og
re
ss
io
n
an
d
ic
e
th
ic
kn
es
s
me
as
ur
em
en
t.
We
wi
ll
al
so
sh
ow
wa
te
r
te
mp
er
at
ur
e
pr
of
il
es
of
th
e
su
rf
ac
e,
5,
15
an
d
30
me
te
r
de
pt
hs
.
La
ke
cu
rr
en
ts
wi
ll
be
mo
nt
hl
y
wi
th
ma
ps
fo
r
th
e
su
rf
ac
e
an
d
15
me
te
rs
.
Ta
bl
es
wi
ll
sh
ow
th
e
la
ke
av
er
ag
e
mo
nt
hl
y
cu
rr
en
ts
sp
ee
ds
fo
r
6
de
pt
hs
.
Th
e
ti
mi
ng
on
th
is
pu
bl
ic
at
io
n
at
pr
es
en
t
is
so
me
wh
at
va
gu
e.
We
ar
e
be
hi
nd
ou
r
or
ig
in
al
sc
he
du
le
an
d
I
ca
n
ap
pr
ec
ia
te
so
me
of
th
e
co
mm
en
ts
ma
de
ea
rl
ie
r
ab
ou
t
en
co
ur
ag
in
g
au
th
or
s
to
gi
ve
pr
io
ri
ty
to
an
at
la
s
ty
pe
of
pr
es
en
ta
ti
on
.
Ho
we
ve
r,
a
nu
mb
er
of
th
e
ch
ap
te
rs
on
su
rf
ac
e
an
d
at
mo
sp
he
ri
c
pa
ra
me
te
rs
ar
e
ne
ar
in
g
co
mp
le
ti
on
an
d
we
wi
ll
be
pu
sh
in
g
th
e
au
th
or
s
so
on
fo
r
th
e
la
ke
parameters.
E.
ST
EB
BI
NS
:
My
ex
pe
ri
en
ce
ha
s
be
en
wi
th
ci
ti
ze
n
pa
rt
ic
ip
at
io
n.
I
re
ca
ll
on
e
oc
ca
si
on
wh
en
we
wo
ul
d
ha
ve
li
ke
d
to
ha
ve
ha
d
be
tt
er
en
vi
ro
nm
en
ta
l
da
ta
.
We
we
re
in
vo
lv
ed
in
ad
ju
di
ca
to
ry
he
ar
in
g
pr
oc
es
s
on
th
e
si
ti
ng
of
a
nu
cl
ea
r
po
we
r
pl
an
t.
We
fo
un
d
th
at
in
th
e
en
vi
ro
nm
en
ta
l
im
pa
ct
pr
oc
es
s,
th
e
ap
pl
ic
an
t
su
bm
it
te
d
hi
s
vo
lu
mi
no
us
re
po
rt
s
to
th
e
At
om
ic
En
er
gy
Co
mm
is
si
on
fo
r
re
vi
ew
.
Th
e
At
om
ic
En
er
gy
Co
mm
is
si
on
su
bs
eq
ue
nt
ly
pr
od
uc
ed
an
en
vi
ro
nm
en
ta
l
im
pa
ct
st
at
em
en
t
ba
se
d
no
t
on
an
y
in
de
pe
nd
en
t
da
ta
,
bu
t
on
da
ta
th
e
ap
pl
ic
an
t
su
b—
mi
tt
ed
.
Th
e
id
ea
th
at
so
me
ed
it
in
g
ma
y
ha
ve
be
en
do
ne
by
th
e
ap
pl
ic
an
ts
be
fo
re
th
ey
su
bm
it
te
d
th
ei
r
re
po
rt
di
d
no
t
ma
ke
us
pa
rt
iC
ul
ar
ly
ha
pp
y.
In
de
ed
,
in
th
is
ca
se
,
we
ce
rt
ai
nl
y
wo
ul
d
ha
ve
li
ke
d
to
ha
ve
ha
d
be
tt
er
independent data.
Th
e
si
ti
ng
of
th
e
pl
an
t
wa
s
to
be
in
th
e
we
st
er
n
ba
si
n
of
La
ke
Er
ie
-
th
e
nu
rs
er
y
of
La
ke
Er
ie
—
an
d
th
e
pl
an
t
wo
ul
d
ha
ve
be
en
di
sc
ha
rg
in
g
he
at
ed
wa
te
r
in
to
fo
ur
to
si
x
fe
et
of
wa
te
r
a
qu
ar
te
r
mi
le
fr
om
fi
sh
sp
aw
ni
ng
gr
ou
nd
s.
Th
e
ap
pl
ic
an
ts
'o
ri
gi
na
l
re
po
rt
sh
ow
ed
th
at
th
ei
r
pr
op
os
ed
on
ce
th
ro
ug
h
co
ol
in
g
sy
st
em
wo
ul
d
ca
us
e
ab
so
lu
te
ly
no
ha
rm
.
On
ly
af
te
r
pr
es
su
re
fr
om
th
e
fe
de
ra
l
go
ve
rn
me
nt
in
di
ca
ti
ng
th
at
on
ce
th
ro
ug
h
co
ol
in
gp
ro
ba
bl
y
wo
ul
d
no
t
me
et
th
e
th
er
ma
l
st
an
da
rd
s,
di
d
th
e
ut
il
it
y
co
mp
an
y
tu
rn
ar
ou
nd
an
d
de
ci
de
to
pu
t
in
a
co
ol
in
g
to
we
r.
Th
e
pr
es
id
en
t
of
th
e
lo
ca
l
el
ec
tr
ic
ut
il
it
y
co
mp
an
y
st
il
l
in
19
76
,
gi
ve
s
sp
ee
ch
es
sa
yi
ng
th
at
el
ec
tr
ic
al
bi
ll
s
ar
e
so
hi
gh
be
ca
us
e
th
ey
we
re
fo
rc
ed
to
pu
t
in
th
is
co
ol
in
g
tow
er.
An
ex
te
ns
iv
e
am
ou
nt
of
da
ta
wa
s
su
bm
it
te
d
in
th
e
im
pa
ct
as
se
ss
me
nt
re
po
rt
wh
ic
h
de
sc
ri
be
d
th
e
pr
es
en
t
en
vi
ro
nm
en
ta
l
ch
ar
ac
te
ri
st
ic
s
of
th
e
di
sc
ha
rg
e
si
te
.
If
we
wo
ul
d
re
al
ly
li
ke
th
e
la
ke
s
cl
ea
ne
d
up
,
we
do
no
t
wa
nt
to
co
nt
in
ue
to
de
pe
nd
on
th
e
da
ta
we
ha
ve
no
w
of
th
e
ex
is
ti
ng
co
nd
it
io
ns
bu
t
sh
ou
ld
al
so
be
ga
th
er
in
g
da
ta
on
th
e
hi
st
or
ic
al
ch
ar
ac
te
ri
st
ic
s
of
th
e
la
ke
s.
Wh
at
ev
er
ch
oi
ce
s
we
ma
ke
sh
ou
ld
no
t
go
ju
st
fo
r
th
e
ga
th
er
in
g
of
ad
eq
ua
te
da
ta
bu
t
th
at
it
al
so
go
es
to
wa
rd
s
so
me
ho
w
en
ha
nc
in
g
or
re
st
or
in
g
th
e
la
ke
.
I
ca
n
se
e
a
ch
an
ge
no
w
in
th
e
ne
w
pr
op
os
ed
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
fo
r
th
e
IJ
C.
In
th
e
no
n—
de
gr
ad
at
io
n
cl
au
se
th
ey
ar
e
pr
op
os
in
g
th
at
th
e
co
un
tr
ie
s
al
so
re
co
gn
iz
e
an
d
pr
ov
id
e
fo
r
th
e
po
te
nt
ia
l
fo
r
en
ha
nc
em
en
t.
Th
is
pr
op
os
al
to
en
ha
nc
e
wa
te
r
qu
al
it
y
is
wh
at
I
ha
ve
al
wa
ys
be
en
ho
pi
ng
fo
r.
H.
TA
IT
:
Th
er
e
ar
e
th
re
e
ac
ti
vi
ti
es
of
th
e
Of
fi
ce
of
Bi
ol
og
ic
al
Se
rv
ic
es
wh
ic
h
I
wa
nt
to
me
nt
io
n:
on
e
in
wh
ic
h
I
am
im
me
di
at
el
y
in
vo
lv
ed
an
d
tw
o
others.
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 An
in
ve
nt
or
y
of
th
e
na
ti
on
al
we
tl
an
ds
is
cu
rr
en
tl
y
un
de
rw
ayb
y
th
e
U.
S.
Fi
sh
an
d
Wi
ld
li
fe
Se
rv
ic
e.
Th
e
Na
ti
on
al
We
tl
an
ds
In
ve
nt
or
y
is
a
ma
ss
iv
e
ef
fo
rt
—
lo
ng
te
rm
an
d
ex
pe
ns
iv
e
—
wh
ic
h
wi
ll
cl
as
si
fy
an
d
ma
p
al
l
of
th
e
we
tl
an
ds
of
th
e
na
ti
on
.
Th
e
we
tl
an
ds
cl
as
si
fi
ca
ti
on
sy
st
em
is
av
ai
la
bl
e
an
d
we
ar
e
in
th
e
pr
oc
es
s
of
to
ol
in
g
up
in
ou
r
va
ri
ou
s
re
gi
on
s
fo
r
th
is
ta
sk
.
Th
e
pi
lo
t
ef
fo
rt
is
no
w
un
de
rw
ay
in
Fl
or
id
a.
Th
e
pr
oj
ec
t
wi
ll
ta
ke
pe
rh
ap
s
th
e
ne
xt
th
re
e
ye
ar
s
to
co
mp
le
te
.
Jo
hn
Mo
nt
en
ar
y,
wh
o
so
me
of
yo
u
mi
gh
t
kn
ow
,
is
he
ad
in
g
th
is
up
wi
th
of
fi
ce
s
in
St
.
Pe
te
rs
bu
rg
,
Fl
or
id
a.
I
al
so
wa
nt
to
me
nt
io
n
th
at
we
ha
ve
ju
st
co
mp
le
te
d
a
su
rv
ey
of
th
e
co
lo
ni
al
ly
ne
st
in
g
bi
rd
s
of
th
e
U.
S.
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s
th
is
se
as
on
.
Th
e
bi
rd
su
rv
ey
wa
s
co
mp
le
te
d
th
is
su
mm
er
un
de
r
co
nt
ra
ct
wi
th
No
rt
hw
es
te
rn
Mi
ch
ig
an
Co
ll
eg
e
in
Tr
av
er
se
Ci
ty
.
Bi
ll
Sh
ar
f
di
d
th
is
st
ud
y.
We
ho
pe
to
ha
ve
bi
rd
di
st
ri
bu
ti
on
ma
ps
an
d
na
rr
at
iv
e
ac
co
un
ts
pu
bl
is
he
d
in
th
e
ne
ar
fu
tu
re
.
Th
e
Co
rp
of
En
gi
ne
er
s
wh
ic
h
ha
s
qu
it
e
an
in
te
re
st
in
th
e
ut
il
iz
at
io
n
of
sp
oi
l
ar
ea
s
by
ne
st
in
g
bi
rd
s
is
co
op
er
at
in
g
on
th
e
pr
oj
ec
t
an
d
is
he
lp
in
g
fu
nd
th
e
work.
Fi
na
ll
y
fo
r
en
vi
ro
nm
en
ta
l
ma
pp
in
g,
th
er
e
ar
e
wh
at
we
ca
ll
ec
ol
og
ic
al
ch
ar
ac
te
r—
iz
at
io
ns
th
at
my
te
am
is
in
vo
lv
ed
wi
th
.
Th
es
e
ec
ol
og
ic
al
ch
ar
ac
te
ri
za
ti
on
s
ma
y
be
de
sc
ri
be
d
as
a
sy
nt
he
si
s
of
th
e
av
ai
la
bl
e
en
vi
ro
nm
en
ta
l
in
fo
rm
at
io
n
in
a
st
ru
ct
ur
ed
wa
y.
We
ar
e
no
t
on
ly
tr
yi
ng
to
pu
ll
to
ge
th
er
pe
rt
in
en
t
in
fo
rm
at
io
n,
pa
rt
ic
ul
ar
ly
th
at
wh
ic
h
re
la
te
s
to
fi
sh
an
d
wi
ld
li
fe
an
d
th
ei
r
ha
bi
ta
t,
bu
t
we
ar
e
tr
yi
ng
to
de
sc
ri
be
th
e
ec
ol
og
ic
al
pr
oc
es
se
s
th
at
ta
ke
pl
ac
e.
Fo
r
ex
am
pl
e,
we
wa
nt
to
kn
ow
wh
at
dr
iv
es
a
sy
st
em
,
wh
er
e
th
e
en
er
gy
fl
ow
s
ar
e
an
d
wh
at
th
e
tr
op
hi
c
le
ve
ls
ar
e.
As
a
re
su
lt
,
a
ch
ar
ac
te
ri
za
ti
on
wi
ll
no
t
on
ly
b
e
a
n
in
ve
nt
or
y,
b
ut
it
wi
l
l
a
l
s
o
d
e
s
c
r
i
b
e
th
e
s
a
l
i
e
n
t
f
e
a
t
ur
e
s
of
th
e
a
r
e
a
fr
om
an
ec
os
ys
te
m
po
in
t
of
vi
ew
.
I
n
i
t
i
a
l
l
y
w
e
a
r
e
d
r
a
w
i
n
g
o
n
e
x
i
s
t
i
n
g
i
n
f
o
r
m
a
t
i
o
n
;
t
h
us
,
it
is
s
p
o
t
t
y
i
n
s
o
m
e
a
r
e
a
s
o
f
t
h
e
c
o
a
s
t
a
n
d
v
e
r
y
g
o
o
d
in
o
t
h
e
r
s
,
s
u
c
h
as
t
h
e
c
o
a
s
t
a
l
a
r
e
a
s
of
G
e
o
r
g
i
a
,
w
h
e
r
e
a
l
o
t
of
i
n
f
o
r
m
a
t
i
o
n
is
a
v
a
i
l
a
b
l
e
.
E
a
c
h
of
t
h
e
s
e
s
t
u
d
i
e
s
i
n
v
o
l
v
e
s
c
o
n
c
e
p
t
u
a
l
m
o
d
e
l
l
i
n
g
o
f
t
h
e
e
c
o
s
y
s
t
e
m
s
i
n
i
t
i
a
l
l
y
;
t
h
i
s
w
i
l
l
h
e
l
p
u
s
d
e
c
i
d
e
w
h
a
t
a
d
d
i
t
i
o
n
a
l
d
a
t
a
t
o
g
a
t
h
e
r
.
A
m
o
n
g
t
h
e
p
r
o
d
u
c
t
s
t
h
a
t
w
i
l
l
c
o
m
e
o
u
t
o
f
t
h
i
s
a
r
e
e
n
v
i
r
o
n
m
e
n
t
a
l
a
t
l
a
s
e
s
.
W
e
d
o
n
'
t
k
n
o
w
w
h
a
t
s
h
a
p
e
t
h
e
y
a
r
e
g
o
i
n
g
t
o
t
a
k
e
y
e
t
,
b
u
t
o
b
v
i
o
u
s
l
y
t
h
e
y
w
i
l
l
r
e
l
y
h
e
a
v
i
l
y
o
n
g
r
a
p
h
i
c
s
a
n
d
a
l
o
t
o
f
c
o
l
o
r
.
F
o
r
c
o
s
t
r
e
a
s
o
n
s
,
m
a
n
y
o
f
t
h
e
m
w
i
l
l
b
e
c
o
m
p
u
t
e
r
g
e
n
e
r
a
t
e
d
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
r
e
w
i
l
l
b
e
c
o
n
c
e
p
t
u
a
l
m
o
d
e
l
s
,
r
e
p
o
r
t
s
o
n
t
h
e
m
e
t
h
o
d
o
l
o
g
y
t
h
a
t
w
a
s
v
u
s
e
d
,
a
n
d
t
h
e
r
e
w
i
l
l
b
e
d
a
t
a
b
a
n
k
s
p
r
o
b
a
b
l
y
s
t
o
r
e
d
o
n
t
a
p
e
.
W
e
h
a
v
e
a
l
o
n
g
r
a
n
g
e
p
l
a
n
o
f
c
h
a
r
a
c
t
e
r
i
z
i
n
g
m
a
n
y
o
f
t
h
e
c
o
a
s
t
a
l
a
r
e
a
s
t
h
a
t
a
r
e
i
m
p
o
r
t
a
n
t
t
o
t
h
e
F
i
s
h
a
n
d
W
i
l
d
l
i
f
e
S
e
r
v
i
c
e
.
S
o
f
a
r
,
t
h
e
r
e
a
r
e
f
O
u
r
a
r
e
a
s
u
n
d
e
r
d
e
v
e
l
o
p
m
e
n
t
.
O
u
r
p
i
l
o
t
a
r
e
a
i
s
t
h
e
C
h
e
n
i
e
r
P
l
a
i
n
a
r
e
a
o
f
s
o
u
t
h
w
e
s
t
e
r
n
L
o
u
i
s
i
a
n
a
a
n
d
s
o
u
t
h
e
a
s
t
e
r
n
T
e
x
a
s
w
h
e
r
e
w
e
a
r
e
t
r
y
i
n
g
t
o
d
e
v
e
l
o
p
o
u
r
m
e
t
h
o
d
o
l
o
g
y
.
T
h
e
C
h
e
n
i
e
r
P
l
a
i
n
p
r
o
j
e
c
t
,
w
h
i
c
h
i
s
a
b
o
u
t
s
i
x
m
o
n
t
h
s
o
l
d
,
i
s
b
e
i
n
g
d
o
n
e
b
y
E
n
e
r
g
y
R
e
s
o
u
r
c
e
s
I
n
c
.
o
f
C
a
m
b
r
i
d
g
e
M
a
s
s
.
w
o
r
k
i
n
g
c
l
o
s
e
l
y
w
i
t
h
L
o
u
i
s
i
a
n
a
S
t
a
t
e
U
n
i
v
e
r
s
i
t
y
a
n
d
B
e
n
d
i
x
A
e
r
o
s
p
a
c
e
i
n
A
n
n
A
r
b
o
r
.
T
h
e
o
t
h
e
r
a
r
e
a
s
t
h
a
t
a
r
e
j
u
s
t
a
b
o
u
t
t
o
b
e
i
n
i
t
i
a
t
e
d
a
r
e
t
h
e
S
e
a
I
s
l
a
n
d
C
a
r
o
l
i
n
i
a
n
C
o
a
s
t
o
f
G
e
o
r
g
i
a
a
n
d
S
o
u
t
h
C
a
r
o
l
i
n
a
,
t
h
e
C
o
a
s
t
o
f
M
a
i
n
e
,
a
n
d
t
h
e
P
a
c
i
f
i
c
N
o
r
t
h
w
e
s
t
f
r
o
m
C
a
p
e
M
e
n
d
o
c
i
n
o
,
C
a
l
i
f
o
r
n
i
a
t
h
r
o
u
g
h
O
r
e
g
o
n
a
n
d
W
a
s
h
i
n
g
t
o
n
b
u
t
n
o
t
i
n
c
l
u
d
i
n
g
P
u
g
e
t
S
o
u
n
d
.
A
f
t
e
r
w
h
a
t
I
h
a
v
e
b
e
e
n
h
e
a
r
i
n
g
t
h
e
l
a
s
t
c
o
u
p
l
e
o
f
d
a
y
s
,
I
t
h
i
n
k
w
e
s
h
o
u
l
d
b
e
l
o
o
k
i
n
g
a
t
a
c
a
n
d
i
d
a
t
e
a
r
e
a
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
l
s
o
.
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We
ha
ve
a
re
sp
on
si
bi
li
ty
th
at
re
la
te
s
to
th
e
Ou
te
r
Co
nt
in
en
ta
l
Sh
el
f
Oi
l
an
d
Ga
s
Pr
og
ra
m.
Ma
ny
of
ou
r
re
fu
ge
s
an
d
ma
ny
of
th
e
cr
it
te
rs
th
at
we
ar
e
co
n—
ce
rn
ed
ab
ou
t,
ar
e
po
te
nt
ia
ll
y
in
je
op
ar
dy
.
We
th
in
k
th
at
as
a
fi
rs
t
or
de
r
of
bu
si
ne
ss
,
it
's
co
mm
on
se
ns
e
to
pu
ll
to
ge
th
er
wh
at
is
al
re
ad
y
av
ai
la
bl
e
an
d
ma
ke
it
ha
nd
y
fo
r
th
os
e
pe
op
le
wh
o
ar
e
ma
ki
ng
de
ci
si
on
s
ab
ou
t
th
e
ar
ea
s
to
be
le
as
ed
an
d
pl
ac
es
wh
er
e
fa
ci
li
ti
es
wi
ll
be
bu
il
t,
wh
er
e
th
e
pi
pe
li
ne
s
wi
ll
be
set
,
etc
.
Na
tu
ra
ll
y,
we
ar
e
go
in
g
to
le
ar
n
th
at
we
do
no
t
ha
ve
a
lo
t
of
inf
orm
ati
on
for
som
e
are
as,
and
thi
s w
ill
lea
d
us
to
fol
low
up
fie
ld
stu
die
s
in the second phase.
We
thi
nk
tha
t e
ach
of
the
se
stu
die
s a
re
goi
ng
to
cos
t u
s a
bou
t h
alf
a m
ill
ion
dol
lar
s,
as
in
the
cas
e o
f t
he
Che
nie
r P
lai
n,
and
tak
e a
bou
t t
wo
yea
rs
to
com
ple
te.
Aft
er
lis
ten
ing
to
som
e o
f t
he
dis
cus
sio
ns
the
las
t c
oup
le
of
day
s,
I t
hin
k t
hat
we
may
not
hav
e a
deq
uat
ely
pla
nne
d f
or
all
of
the
pub
lic
a-
tion
, c
arto
grap
hy a
nd o
ther
expe
nses
.
The
cont
ract
ors
are
goin
g to
deli
ver
us c
amer
a—re
ady
copy
but
we a
ll k
now
what
it m
eans
to g
et f
rom
that
poin
t to
the final printing. We are also trying to get some uniformity in approach.
There are questions about how the habitat mapping will be done. In the
Chenier Plain we are using LANDSAT information and Bendix MDAS (Multispectoral
Data Analysis System). We are also concerned about a uniform approach in
handling and storing the data derived from these studies and there ought to
be some consistency in the modelling efforts. The atlases themselves should
be standardized. So we have a lot of bugs to work out of this program which
will be with us over the next couple of years. As I said earlier, I think we
ought to seriously look at one of the major bays, or one of the Great Lakes,
as a possible candidate when we are further along with this and know better
how to do it.
B. H. MILLEST: Maybe I can raise some of the questions that are on my mind.
During these sessions, I thought we were going to come to grips with some
appreciation of environmental values, and my personal interest in this was
to find something that would help us in applying water quality objectives
that we are in the process of formulating. Perhaps I should explain what
disturbs me about the water quality objectives.
Most of my professional background before I came into the federal service was
in industrial pollution control. It is a very difficult thing to convince
industrial people with verylarge enterprises that we, in fact, have something
worth protecting in the face of what they are trying to do. So it bothers me
that we tend to select environmental water quality objectives that are very
restrictive without any evident regard to the cost of either achieving or not
achieving them. Even with the technology of today, it is almost certain to
most of us that the sanitary engineer and the pollution control engineer
cannot meet our objectives without considering the cost of pollution control
to the polluter, whoever he may be. But I think we still have to forge
ahead, so with reservation I worry about it.
The first thing we have to do once we have established the water quality
objectives is to take a very comprehensive look at existing environmental
quality
or
water
quality
to
see
if
indeed
the
objectives
are
being
met
in
the
body
of water
we
are
talking
about.
If
they are
not,
then we
have
to be
able
to tell whether or not it is possible to achieve the quality we are after.
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 Na
tu
ra
l
wa
te
r
co
nd
it
io
ns
be
in
g
wh
at
th
ey
ar
e,
we
ma
y
no
t
be
ab
le
to
me
et
th
e
ob
je
ct
iv
es
th
at
we
ou
rs
el
ve
s
ha
ve
se
t.
We
ha
ve
go
ne
ab
ou
t
se
tt
in
g
th
es
e
ob
je
ct
iv
es
by
lo
ok
in
g
at
de
si
ra
bl
e
or
re
qu
ir
ed
us
es
,
di
gg
in
g
in
to
li
te
ra
tu
re
an
d
es
ta
bl
is
hi
ng
fr
om
th
e
cr
it
er
ia
th
e
ob
je
ct
iv
es
we
ar
e
go
in
g
to
us
e.
We
ar
e
no
t
su
re
at
th
e
ou
ts
et
th
at
th
e
na
tu
ra
l
sy
st
em
me
et
s
th
e
ob
je
ct
iv
es
.
We
sh
ou
ld
be
op
ti
mi
st
ic
th
at
so
me
da
y
we
ca
n
st
ar
t
ma
na
gi
ng
th
e
en
vi
ro
nm
en
t
to
ac
hi
ev
e
th
e
ob
je
ct
iv
es
of
na
tu
ra
l
wa
te
r
co
nd
it
io
ns
,
if
we
ca
n
un
de
rs
ta
nd
wh
at
na
tu
ra
l
is.
Th
en
we
ha
ve
to
de
ci
de
if
it
is
te
ch
ni
ca
ll
y
po
ss
ib
le
to
me
et
th
e
ob
je
ct
iv
es
at
po
ll
ut
io
n
so
ur
ce
s.
Ev
er
yt
hi
ng
is
te
ch
ni
ca
ll
y
po
ss
ib
le
,
I
su
pp
os
e,
si
nc
e
yo
u
ca
nsh
ut
of
f
so
me
ta
ps
if
yo
u
ha
ve
to;
bu
t
in
al
l
re
as
on
—
ab
le
ne
ss
,
we
ha
ve
to
co
nt
ro
l
po
ll
ut
io
n
wi
th
ap
pl
ic
ab
le
te
ch
no
lo
gy
an
d
it
is
a
ve
ry
di
ff
ic
ul
t
th
in
g
to
sh
ut
of
f
th
e
po
ll
ut
io
n
so
ur
ce
by
ju
st
ce
as
in
g
an
en
te
rp
ri
se
.
It
is
te
ch
ni
ca
ll
y
po
ss
ib
le
,
bu
t
it
ma
y
be
fo
r
an
un
ac
ce
pt
ab
le
price.
Th
e
ne
xt
qu
es
ti
on
I
as
k
my
se
lf
,
is
it
re
al
ly
fe
as
ib
le
fr
om
th
e
po
in
t
of
Vi
ew
of
to
ta
l
en
te
rp
ri
se
in
ou
r
co
un
tr
y
to
co
nt
ro
l
th
e
po
ll
ut
io
n
or
th
e
so
ur
ce
of
po
ll
ut
io
n?
Wh
en
th
is
qu
es
ti
on
is
ra
is
ed
,
I
ca
n
al
wa
ys
se
e
th
e
wh
ee
ls
of
th
e
in
du
st
ri
al
ma
na
ge
r
tu
rn
in
g
an
d
he
is
th
in
ki
ng
of
th
es
e
re
la
ti
ve
va
lu
es
.
In
th
e
27
or
28
ye
ar
s
of
my
pr
of
es
si
on
al
ca
re
er
,
I
ha
ve
n'
t
se
en
ve
ry
ma
ny
en
vi
ro
nm
en
ta
l
ba
tt
le
s
wo
n
wh
en
we
le
t
ou
rs
el
ve
s
ge
t
dr
aw
n
in
to
ec
on
om
ic
co
ns
id
er
at
io
ns
wi
th
in
du
st
ry
.
Bu
t,
th
is
is
wh
at
in
du
st
ry
li
ve
s
by
an
d
we
ha
ve
to
ma
tc
h
in
du
st
ry
so
me
wa
y
wi
th
an
ot
he
r
se
t
of
va
lu
es
th
at
we
ca
n
ma
ke
st
ic
k.
I
do
n'
t
kn
ow
ho
w
th
is
is
go
in
g
to
be
do
ne
,
bu
t
I
fe
el
th
at
we
mu
st
continue to try.
Th
is
is
wh
at
I
th
ou
gh
t
we
we
re
go
in
g
to
ta
lk
ab
Ou
t
as
"e
nv
ir
on
me
nt
al
va
lu
es
".
It
wo
rr
ie
s
me
th
at
we
ke
ep
on
lo
si
ng
th
e
ba
tt
le
s
of
th
e
mi
ni
ng
op
er
at
io
ns
,
pu
lp
an
d
pa
pe
r
mi
ll
s
an
d
wh
at
no
t,
be
ca
us
e
of
th
e
ec
on
om
ic
s
of
th
e
si
tu
at
io
n,
so
I
th
in
k
we
ha
ve
a
ma
jo
r
jo
b
in
ge
tt
in
g
a
ha
nd
le
on
th
is
va
lu
e
sy
st
em
by
ta
ki
ng
th
is
is
su
e
mo
re
in
te
ll
ig
en
tl
y
to
th
e
pu
bl
ic
.
I
th
in
k
it
's
fo
r
th
at
re
as
on
th
at
I
am
in
te
re
st
ed
in
th
e
he
ar
in
gs
th
at
th
e
IJ
C
ar
e
ho
ld
in
g
th
is
ye
ar
on
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
.
I
th
in
k
we
ne
ed
to
se
ri
ou
sl
y
pr
es
en
t
th
e
pe
op
le
wi
th
a
be
tt
er
kn
ow
le
dg
e
of
wh
at
th
is
va
lu
e
sy
st
em
is
al
l
ab
ou
t.
It
is
no
t
en
ou
gh
to
sa
y
th
at
we
mu
st
ha
ve
a
ni
ce
cl
ea
n
en
vi
ro
nm
en
t
be
ca
us
e
we
al
l
wa
nt
th
at
.
We
ha
ve
to
ge
t
do
wn
to
so
me
do
ll
ar
s
an
d
ce
nt
s
an
d
co
mp
ar
e
ou
r
ec
on
om
ic
or
en
vi
ro
nm
en
ta
l
va
lu
es
to
o,
ev
en
if
we
ha
ve
to
de
ve
lo
p
a
ne
w,
comparative value system.
 
D.
RA
PP
OR
T:
I
wi
ll
at
te
mp
t
to
gi
ve
yo
u
so
me
of
my
pe
rs
pe
ct
iv
es
on
on
e
of
th
e
cr
it
ic
al
qu
es
ti
on
s
th
at
ha
s
be
en
ra
is
ed
he
re
du
ri
ng
th
is
me
et
in
g
an
d
th
at
is
th
e
qu
es
ti
on
of
th
e
si
gn
if
ic
an
ce
or
th
e
me
an
in
g
of
en
vi
ro
nm
en
ta
l
va
lu
e
ma
pp
in
g.
As
on
e
wh
o
ha
s
wo
rk
ed
at
th
e
in
te
rf
ac
e
of
ec
on
om
ic
s
an
d
ec
ol
og
y
fo
r
th
e
pa
st
si
x
or
se
ve
n
ye
ar
s,
I'
ve
be
en
ve
ry
mu
ch
in
te
re
st
ed
in
fo
st
er
in
g
th
e
,
tr
an
sf
er
of
mo
de
ls
an
d
co
nc
ep
ts
be
tw
ee
n
th
es
e
tw
o
di
sc
ip
li
ne
s.
I
th
in
k
th
er
e
i
ar
e
a
lo
t
of
ar
ea
s
wh
er
e
us
ef
ul
tr
an
sf
er
s
of
th
in
ki
ng
ac
ro
ss
th
es
e
di
sc
ip
li
ne
1
bo
un
da
ri
es
ha
ve
be
en
ma
de
an
d
wi
ll
be
ma
de
in
th
e
fu
tu
re
.
ﬁ
1
1
I
Pe
op
le
ha
ve
wa
nt
ed
to
tr
an
sf
er
ac
ro
ss
th
es
e
bo
un
da
ri
es
,
na
me
ly
th
e
co
nc
ep
t
of
Val
ue
whi
ch
is
ver
y
cen
tra
l
to
eco
nom
ic
thi
nki
ng
and
the
con
cep
t
of
var
iou
s
ag
gr
eg
at
ed
in
di
ce
s.
I
fe
el
th
is
is
ex
tr
em
el
y
in
ap
pr
op
ri
at
e,
an
d
I
wi
ll
tr
y
to
gi
ve
my
re
as
on
s
fo
r
ta
ki
ng
th
is
po
si
ti
on
.
Wh
at
I
am
go
in
g
to
su
gg
es
t
is
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"
f
r
o
m
o
u
r
t
h
i
n
k
i
n
g
a
b
o
u
t
e
n
v
i
r
o
n
m
e
n
t
a
l
m
o
n
i
t
o
r
—
t
h
a
t
w
e
d
e
l
e
t
e
t
h
e
t
e
r
m
"
v
a
l
u
e
d
m
o
n
i
t
o
r
i
n
g
t
h
e
t
r
a
n
s
f
o
r
m
a
t
i
o
n
i
n
g
a
n
d
d
e
a
l
s
i
m
p
l
y
w
i
t
h
m
a
p
p
i
n
g
t
h
e
s
t
a
t
e
a
n
o
f
e
c
o
l
o
g
i
c
a
l
s
y
s
t
e
m
s
.
I
w
i
l
l
c
o
m
e
t
o
t
h
i
s
l
a
t
e
r
.
T
h
e
r
e
a
r
e
a
l
o
t
o
f
p
e
o
p
l
e
w
h
o
h
a
v
e
,
f
o
r
v
a
r
i
o
u
s
r
e
a
s
o
n
s
a
t
t
e
m
p
t
e
d
t
o
m
a
n
u
—
f
a
c
t
u
r
e
a
g
g
r
e
g
a
t
e
d
i
n
d
i
c
e
s
o
f
e
c
o
l
o
g
i
c
a
l
w
e
l
l
—
b
e
i
n
g
a
c
c
o
u
n
t
i
n
g
f
o
r
a
g
r
e
a
t
n
u
m
b
e
r
o
f
d
i
f
f
e
r
e
n
t
f
a
c
e
t
s
o
f
i
n
t
e
r
e
s
t
t
o
d
i
f
f
e
r
e
n
t
u
s
e
r
s
o
f
e
c
o
s
y
s
t
e
m
s
.
T
h
e
y
h
a
v
e
g
o
n
e
s
o
f
a
r
a
s
t
o
c
o
n
s
t
r
u
c
t
i
n
d
i
c
e
s
o
f
a
t
o
t
a
l
i
t
y
o
f
a
e
s
t
h
e
t
i
c
q
u
a
l
i
t
i
e
s
o
f
t
h
e
s
y
s
t
e
m
,
t
h
e
b
i
o
l
o
g
i
c
a
l
p
r
o
d
u
c
t
i
v
i
t
y
o
f
t
h
e
s
y
s
t
e
m
,
i
t
s
p
o
t
e
n
t
i
a
l
f
o
r
v
a
r
i
o
u
s
u
s
e
s
,
a
n
d
s
o
f
o
r
t
h
.
O
n
e
o
f
t
h
e
w
a
y
s
o
f
d
o
i
n
g
t
h
i
s
i
s
t
o
p
u
t
e
v
e
r
y
t
h
i
n
g
i
n
t
o
d
o
l
l
a
r
s
.
I
w
a
s
q
u
i
t
e
s
h
o
c
k
e
d
r
e
c
e
n
t
l
y
t
o
f
i
n
d
o
n
e
o
f
t
h
e
v
e
r
y
r
e
s
p
e
c
t
a
b
l
e
e
c
o
l
o
g
i
s
t
s
,
E
u
g
e
n
e
O
d
u
m
,
a
d
v
o
c
a
t
i
n
g
t
h
i
s
k
i
n
d
o
f
a
n
a
p
p
r
o
a
c
h
.
H
e
c
l
a
i
m
e
d
t
h
a
t
i
t
i
s
a
v
a
l
i
d
e
x
e
r
c
i
s
e
t
o
c
o
n
s
i
d
e
r
a
l
l
t
h
e
d
i
f
f
e
r
-
e
n
t
u
s
e
s
a
n
d
a
t
t
r
i
b
u
t
e
s
o
f
a
s
a
l
t
m
a
r
s
h
i
n
t
e
r
m
s
o
f
i
t
s
v
a
l
u
e
i
n
d
o
l
l
a
r
s
.
I
t
h
i
n
k
b
a
s
i
c
to
a
l
l
of
t
h
e
s
e
a
t
t
e
m
p
t
s
to
ge
t
a
g
g
r
e
g
a
t
e
d
i
n
d
i
c
e
s
is
t
h
e
s
e
l
e
c
—
t
i
o
n
of
w
e
i
g
h
t
s
to
t
h
e
c
o
m
p
o
n
e
n
t
s
.
I
n
o
t
h
e
r
w
o
r
d
s
,
y
o
u
c
a
n
'
t
a
d
d
t
h
i
n
g
s
t
h
a
t
a
r
e
n
'
t
i
n
t
h
e
s
a
m
e
u
n
i
t
s
u
n
l
e
s
s
y
o
u
g
i
v
e
t
h
e
m
a
c
e
r
t
a
i
n
w
e
i
g
h
t
.
T
h
e
w
e
i
g
h
t
s
a
l
s
o
c
o
m
e
in
t
e
r
m
s
of
w
h
a
t
y
o
u
d
e
c
i
d
et
o
i
n
c
l
u
d
e
i
n
t
h
e
i
n
d
e
x,
a
n
y
t
h
i
n
g
t
h
a
t
is
no
t
i
n
c
l
ud
e
d
in
th
e
i
n
d
e
x
is
gi
ve
n
i
m
p
l
i
c
i
t
l
y
a
we
i
g
h
t
of
ze
ro
in
th
e
a
b
s
e
n
c
e
of
a
v
e
r
i
f
i
e
d
m
o
d
e
l
of
u
n
d
e
r
l
y
i
n
g
c
a
us
e
an
d
ef
fe
ct
r
e
l
a
t
i
o
n
s
h
i
p
s
.
Th
e
pr
ob
le
m
wi
th
we
ig
ht
s
is
th
at
th
er
e
is
no
ag
re
em
en
t
on
wh
at
th
e
we
ig
ht
sh
ou
ld
be
.
We
ig
ht
s
in
a
se
ns
e
re
la
te
to
pe
rs
on
al
va
lu
es
an
d
wh
en
yo
u
we
ig
h
so
me
th
in
g
on
th
es
e
ex
pl
ic
it
te
rm
s,
yo
u
gi
ve
it
yo
ur
va
lu
es
.
So
me
pe
op
le
ha
ve
at
te
mp
te
d
to
ge
t
ar
ou
nd
th
is
by
th
e
De
lp
hi
pr
oc
es
s,
us
in
g
th
e
be
st
ex
pe
rt
s,
an
d
se
ei
ng
ho
w
th
ey
wo
ul
d
we
ig
h
th
e
di
ff
er
en
t
co
mp
on
en
ts
of
a
sy
st
em
.
Ne
ve
rt
he
le
ss
,
it
am
ou
nt
s
to
th
e
sa
me
th
in
g,
yo
u
ha
ve
a
va
lu
e
ju
dg
em
en
t
pl
ac
ed
on
th
e
im
po
rt
an
ce
of
th
es
e
di
ff
er
en
t
co
mp
on
en
ts
.
Wh
en
yo
u
mi
x
ar
bi
tr
ar
y
we
ig
ht
s—
va
lu
e
ju
dg
em
en
ts
wi
th
ha
rd
da
ta
on
th
e
st
at
e
of
a
sy
st
em
,
yo
u
ge
t
a
ve
ry
un
ex
pe
ct
ed
em
er
ge
nt
pr
op
er
ty
,
th
at
is
,
yo
u
ge
t
no
in
fo
rm
at
io
n
wh
at
so
ev
er
.
I
am
ve
ry
mu
ch
co
nc
er
ne
d
th
at
a
lo
t
of
go
od
in
fo
rm
at
io
n
wh
ic
h
ca
n
be
pu
t
in
to
ec
ol
og
ic
al
ma
ps
is
es
se
nt
ia
ll
y
ob
fu
sc
at
ed
tr
yi
ng
al
so
to
in
co
rp
or
at
e
ce
rt
ai
n
ki
nd
s
of
im
pl
ic
it
or
ex
pl
ic
it
va
lu
e
we
ig
ht
in
gs
to
co
me
up
wi
th
ju
st
no
th
in
g.
Le
t
me
gi
ve
yo
u
an
ex
am
pl
e
th
at
ap
pe
ar
ed
in
a
Co
un
ci
l
on
En
vi
ro
nm
en
ta
l
Qu
al
it
y
re
po
rt
se
ve
ra
l
ye
ar
s
ba
ck
.
Th
is
re
po
rt
lo
ok
ed
at
ai
r
po
ll
ut
io
n
in
di
ce
s
an
d
ex
am
in
ed
te
n
U.
S.
ci
ti
es
fo
r
ai
r
po
ll
ut
io
n
on
a
ti
me
se
ri
es
ru
nn
in
g
ov
er
a
th
re
e
ye
ar
pe
ri
od
.
Us
in
g
th
re
e
di
ff
er
en
t
ac
ce
pt
ed
ai
r
po
ll
ut
io
n
in
di
ce
s,
in
5
ou
t
of
10
ci
ti
es
,
th
er
e
wa
s
no
ag
re
em
en
t
am
on
g
th
e
di
ff
er
en
t
ai
r
po
ll
ut
io
n
in
di
ce
s
as
to
wh
ic
h
ye
ar
wa
s
lo
we
st
or
hi
gh
es
t
in
te
rm
s
of
th
e
to
ta
l
po
ll
ut
io
n
fo
r
th
e
sa
me
lo
ca
ti
on
.
Th
e
re
as
on
be
in
g
th
at
th
e
di
ff
er
en
t
ai
r
po
ll
ut
io
n
in
di
ce
s
in
co
rp
or
at
ed
di
ff
er
en
t
th
in
gs
wh
ic
h
me
an
s
th
at
th
ey
we
ig
ht
ed
th
in
gs
di
ff
er
en
tl
y.
By
de
ci
di
ng
wh
at
to
in
cl
ud
e
an
d
wh
at
no
t
to
in
cl
ud
e,
th
e
di
ff
er
—
en
t
in
di
ce
s
ga
ve
di
ff
er
en
t
it
em
s
we
ig
ht
s
of
ze
ro
an
d
th
ey
al
so
co
mb
in
ed
th
os
e
di
ff
er
en
t
it
em
s
in
di
ff
er
en
t
wa
ys
,
wi
th
di
ff
er
en
t
im
po
rt
an
ce
va
lu
es
.
No
w
if
yo
u
ca
n
ge
t
su
ch
an
ar
bi
tr
ar
y
re
su
lt
by
do
in
g
th
at
,
th
en
it
is
ob
vi
ou
s
th
at
th
e
"v
al
ue
"
of
th
is
ki
nd
of
ex
er
ci
se
is
re
du
ce
d
to
zer
o.
I
th
in
k
it
is
ob
vi
ou
s
to
al
l
of
us
th
at
th
e
re
as
on
wh
y
th
is
ki
nd
of
ap
pr
oa
ch
ha
s
ev
er
be
en
pro
pos
ed
is
tha
t
it'
s
a k
ind
of
app
roa
ch
whi
ch
is
pra
gma
tic
;
it
tur
ns
out
a
num
ber
whi
ch
ver
y
muc
h
is
to
the
lik
ing
of
tec
hno
cra
ts;
and
it
is
som
eth
ing
eve
ryb
ody
can
gra
b a
hol
d o
f a
nd
con
den
se
in
a h
igh
ly
sim
pli
sti
c w
ay.
Thi
s
meth
odol
ogy
lure
s pe
ople
into
a fa
lse
stat
e th
at t
hey
have
some
know
ledg
e of
the
sys
tem
all
con
den
sed
int
o s
ome
mag
ic
num
ber
s w
hic
h s
how
the
qua
lit
y o
f
the system.
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 W
h
a
t
I
s
ug
g
e
s
t
we
do
is
s
i
m
p
l
y
k
n
o
c
k
d
o
wn
th
at
st
ra
wm
an
,
ge
t
ri
d
of
id
ea
s
in
th
e
e
n
vi
r
o
n
m
e
n
t
da
ta
s
uc
h
as
q
ua
l
i
t
y
ra
ti
ng
s,
(i
.e
.
go
od
,
ba
d,
ad
eq
ua
te
,
c
r
i
t
i
c
a
l
a
r
e
a
s
)
.
A
l
l
of
t
h
e
s
e
t
h
i
n
g
s
g
i
v
e
o
n
e
a
f
a
l
s
e
s
e
n
s
e
of
k
n
o
w
l
e
d
g
e
a
b
o
u
t
t
h
e
s
y
s
t
e
m
.
I
t
h
i
n
k
t
h
a
t
u
l
t
i
m
a
t
e
l
y
s
u
c
h
v
a
l
u
e
j
u
d
g
e
m
e
n
t
s
w
i
l
l
b
e
m
a
d
e
w
h
e
n
p
e
o
p
l
e
e
xa
m
i
n
e
yo
ur
m
a
p
p
i
n
g
da
ta
,
on
th
e
st
at
e
of
th
e
sy
st
em
,
an
d
s
y
s
t
e
m
t
r
a
n
s
f
o
r
m
a
t
i
o
n
.
L
e
t
t
h
e
m
d
e
c
i
d
e
w
h
e
t
h
e
r
th
e
s
ys
t
e
m
is
fo
r
th
e
b
e
t
t
e
r
or
wo
rs
e
fo
r
th
ei
r
pa
rt
ic
ul
ar
us
es
an
d
pu
rp
os
es
.
Do
n'
t
fo
is
t
on
th
em
in
so
me
so
rt
of
ps
eu
do
—s
ci
en
ti
fi
c
te
rm
s,
"v
al
ue
s"
mi
xe
d
up
in
yo
ur
da
ta
.
N
o
w
so
me
p
e
o
p
l
e
m
i
g
h
t
r
a
i
s
e
th
e
q
ue
s
t
i
o
n
wh
a
t
ar
e
th
e
a
l
t
e
r
n
a
t
i
ve
s
if
we
do
n
o
t
us
e
t
h
e
s
e
n
i
c
e
h
a
n
d
y
a
g
g
r
e
g
a
t
e
d
in
di
ce
s
of
v
a
l
u
e
or
wa
t
e
r
q
ua
l
i
t
y
in
di
ce
s?
I
t
h
i
n
k
th
e
a
l
t
e
r
n
a
t
i
v
e
s
ar
e
to
t
h
i
n
k
in
te
rm
s
of
m
e
a
S
ur
e
s
of
th
e
we
l
l
b
e
i
n
g
of
ec
os
ys
te
ms
.
T
h
i
n
k
in
te
rm
s
of
e
c
o
s
y
s
t
e
m
c
o
n
c
e
p
t
s
or
i
n
d
i
c
a
t
o
r
s
—
be
th
ey
c
r
i
t
i
c
a
l
sp
ec
ie
s,
b
e
th
ey
m
e
a
s
u
r
e
s
of
e
c
o
s
y
s
t
e
m
m
e
t
a
b
o
l
i
s
m
,
be
th
ey
m
e
a
s
u
r
e
s
of
e
c
o
s
y
s
t
e
m
pr
oc
es
se
s,
as
m
i
g
h
t
be
a
p
r
i
m
a
r
y
p
r
o
d
uc
t
i
vi
t
y
me
as
ur
e.
T
h
i
n
k
in
te
rm
s
of
a
co
ns
te
ll
at
io
n
of
th
in
gs
th
at
ch
ar
ac
te
ri
ze
dy
na
mi
c
sy
st
em
s
an
d
pr
e-
f
e
r
r
a
b
l
y
in
b
o
t
h
h
o
l
i
s
t
i
c
te
rm
s
as
we
l
l
as
r
e
d
uc
t
i
o
n
i
s
t
te
rm
s,
bu
t
p
r
e
f
e
r
r
a
b
l
y
at
le
as
t
w
i
t
h
a
go
od
a
m
o
un
t
of
a
t
t
e
n
t
i
o
n
to
ho
li
sm
.
I
th
in
k
yo
u
wi
l
l
h
a
ve
a
mu
ch
mo
re
so
un
d
sc
ie
nt
if
ic
ba
se
fo
r
do
in
g
th
e
ki
nd
s
of
th
in
gs
th
at
yo
u
wa
nt
to do.
E
X
C
E
R
P
T
S
0
F
D
I
S
C
U
S
S
I
O
N
PU
RP
OS
ES
OF
EN
VI
RO
NM
EN
TA
L
MA
PS
a
W
e
m
us
t
c
l
e
a
r
l
y
d
e
f
i
n
e
wh
a
t
th
e
m
a
p
s
wi
l
l
be
us
e
d
fo
r
in
o
r
d
e
r
to
d
e
m
o
n
s
t
r
a
t
e
wh
a
t
sh
ou
ld
go
on
th
e
ma
ps
,
to
d
e
m
o
n
s
t
r
a
t
e
th
ei
r
us
e
f
ul
n
e
s
s
,
a
n
d
to
g
a
i
n
th
e
s
up
p
o
r
t
of
G
o
ve
r
n
m
e
n
t
s
.
0
T
h
e
r
e
is
a
n
u
r
g
e
n
t
n
e
e
d
f
o
r
i
n
v
e
n
t
o
r
y
i
n
g
G
r
e
a
t
L
a
k
e
s
r
e
s
o
u
r
c
e
s
a
n
d
p
a
r
a
m
e
t
e
r
s
to
e
v
a
l
u
a
t
e
t
h
e
e
f
f
e
c
t
s
of
t
h
e
e
x
t
e
n
d
e
d
n
a
v
i
g
a
t
i
o
n
s
e
a
s
o
n
in
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
w
a
t
e
r
l
e
v
e
l
c
o
n
t
r
o
l
s
;
a
n
d
as
a
n
a
i
d
i
n
c
o
a
s
t
a
l
z
o
n
e
m
a
n
a
g
e
m
e
n
t
a
n
d
c
o
n
t
a
m
i
n
a
n
t
m
o
n
i
t
o
r
i
n
g
.
0
M
a
p
s
a
r
e
n
e
e
d
e
d
to
a
i
d
i
n
t
h
e
r
e
g
u
l
a
t
o
r
y
p
e
r
m
i
t
p
r
o
c
e
s
s
.
W
h
e
n
d
e
t
e
r
m
i
n
—
i
n
g
e
f
f
l
u
e
n
t
l
i
m
i
t
a
t
i
o
n
s
a
n
d
t
h
e
c
o
n
f
i
g
u
r
a
t
i
o
n
o
f
m
i
x
i
n
g
z
o
n
e
s
f
o
r
p
o
i
n
t
s
o
u
r
c
e
d
i
s
c
h
a
r
g
e
r
s
,
w
e
m
u
s
t
h
a
v
e
s
o
m
e
i
d
e
a
o
f
t
h
e
v
a
l
u
e
o
f
t
h
e
a
r
e
a
i
m
p
a
c
t
e
d
.
W
e
d
o
n
o
t
h
a
v
e
s
u
c
h
i
n
f
o
r
m
a
t
i
o
n
n
o
w
.
a
W
e
n
e
e
d
i
n
f
o
r
m
a
t
i
o
n
i
n
a
f
o
r
m
a
t
s
u
c
h
a
s
m
a
p
s
t
o
a
i
d
t
h
e
I
J
C
i
n
c
o
m
m
u
n
i
c
a
t
—
i
n
g
t
o
t
h
e
p
u
b
l
i
c
.
0
W
e
n
e
e
d
t
o
k
n
o
w
w
h
a
t
i
s
l
e
f
t
o
f
t
h
e
l
a
k
e
s
a
n
d
d
e
f
i
n
e
t
h
e
s
t
r
e
s
s
e
s
t
h
a
t
c
a
n
b
e
m
i
n
i
m
i
z
e
d
.
W
e
n
e
e
d
a
p
r
o
g
r
a
m
w
h
i
c
h
e
m
p
h
a
s
i
z
e
s
s
y
s
t
e
m
r
e
h
a
b
i
l
i
t
a
—
t
i
o
n
.
T
o
a
c
h
i
e
v
e
t
h
i
s
,
w
e
m
u
s
t
k
n
o
w
w
h
e
r
e
a
n
d
w
h
a
t
s
t
r
e
s
s
e
s
a
r
e
b
e
i
n
g
a
p
p
l
i
e
d
t
o
t
h
e
l
a
k
e
s
.
0
A
t
t
h
e
p
r
e
s
e
n
t
r
a
t
e
o
f
d
e
g
r
a
d
a
t
i
o
n
,
w
e
m
a
y
n
o
t
h
a
v
e
f
i
s
h
i
n
t
h
e
l
a
k
e
s
m
u
c
h
l
o
n
g
e
r
.
M
a
p
p
i
n
g
f
o
r
r
e
h
a
b
i
l
i
t
a
t
i
o
n
p
u
r
p
o
s
e
s
is
a
c
r
i
t
i
c
a
l
n
e
e
d
,
an
d
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
sh
ou
ld
tr
an
sm
it
th
is
me
ss
ag
e
on
up
to
th
e
IJ
C
an
d
Go
ve
rn
me
nt
s.
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W
m
m
.
_
_
_
.
_
.
_
.
“
5
*
.
-
—
m
-
m
-
,
.
.
A
.
.
.
_
.
.
‘
5
.
A
.
  
o
It
se
em
s
al
mo
st
ev
er
yo
ne
he
re
ag
re
es
on
ma
pp
in
g
an
d
we
sh
ou
ld
st
ri
ve
first for rehabilitation.
o
Th
e
va
lu
e
of
th
e
ma
ps
wi
ll
be
co
me
ap
pa
re
nt
af
te
r
th
e
se
co
nd
ge
ne
ra
ti
on
of
ma
ps
ar
e
pr
od
uc
ed
wh
en
we
wi
ll
be
ab
le
to
se
e
a
ch
an
ge
in
th
e
sy
st
em
fo
r
th
e
be
tt
er
or
wo
rs
e.
It
ca
n
on
ly
be
at
th
is
po
in
t
th
at
th
e
pu
bl
ic
will be concerned.
CONTENTS OF MAPS
c
We
sh
ou
ld
st
ri
ve
to
pu
t
a
pr
io
ri
ty
on
wh
at
it
em
s
ar
e
to
be
in
cl
ud
ed
on maps.
0
Tw
o
co
ns
id
er
at
io
ns
th
at
sh
ou
ld
be
ad
dr
es
se
d
in
th
e
ma
pp
in
g
ef
fo
rt
:
wh
at
ne
ed
s
to
be
ma
pp
ed
(f
oc
us
on
th
e
na
tu
ra
l
sy
st
em
s)
;
an
d
wh
at
ec
ol
og
ic
al
con
dit
ion
s
are
imp
ort
ant
to
eva
lua
te
(fo
cus
on
the
str
ess
sys
tem
s).
a
The
inf
orm
ati
on
con
tai
ned
in
the
map
s m
ust
be
pre
sen
ted
in
ter
min
olo
gy
that is understandable to the public.
0
Map
pin
g s
hou
ld
ide
nti
fy
the
bas
e l
ine
of
wha
t
the
sys
tem
is
cur
ren
tly
and
wha
t i
t w
as
his
tor
ica
lly
.
Map
pin
g o
f t
he
lak
es'
pot
ent
ial
sho
uld
also be considered.
0
The
per
son
s c
ons
tru
cti
ng
the
map
s s
hou
ld
gua
rd
aga
ins
t t
he
pos
sib
ili
ty
of
fal
se
int
epr
eta
tio
ns
of
the
pre
sen
ted
dat
a.
For
exa
mpl
e,
the
ano
xic
are
a o
f L
ake
Eri
e i
n 1
975
was
vas
tly
red
uce
d f
rom
tha
t o
f p
rev
iou
s y
ear
s
but
this
did
not
nece
ssar
ily
mean
that
a si
gnif
ican
t im
prov
emen
t in
water quality was achieved.
a
The m
aps
shoul
d di
splay
syste
ms a
nd sy
stem
stres
ses.
They
are
essen
tiall
y
transects of systems in time or "snapshots-in—time".
0
Some
para
mete
rs w
hich
shou
ld b
e in
clud
ed i
n ma
ps m
ay n
ot b
e re
adil
y
recognized as important and can result in a "so what syndrome". For
example, circulation patterns show what types of materials are likely to
wash up on public beaches.
0 A pilot area such as Lake Ontario should be selected to determine what
kinds of information can be included on the maps and what the information
gaps are.
PUBLIC AWARENESS
c We should address the mapping effort to the public to increase their
awareness of the environment, for the public will have to make the
decisions for the use of the environment.
0 The public may not be able to give the final decision as to the use of
the lakes. For example in the New York Bight, citizens w0uld probably
opt to continue polluting in lieu of increased costs of sewage handling.
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0
T
r
u
e
p
u
b
l
i
c
a
w
a
r
e
n
e
s
s
i
s
d
i
f
f
i
c
u
l
t
t
o
a
c
h
i
e
v
e
a
n
d
w
i
l
l
n
o
t
b
e
a
t
t
a
i
n
e
d
o
v
e
r
n
i
g
h
t
.
A
n
e
d
u
c
a
t
i
o
n
p
r
o
c
e
s
s
i
s
e
s
s
e
n
t
i
a
l
t
o
t
e
a
c
h
t
h
e
y
o
u
n
g
e
r
g
e
n
e
r
a
t
i
o
n
"
w
h
a
t
c
l
e
a
n
w
a
t
e
r
is
a
n
d
m
e
a
n
s
"
.
VALUE
0
T
h
e
r
e
h
a
s
b
e
e
n
a
c
h
a
n
g
e
i
n
o
u
r
v
a
l
u
e
s
y
s
t
e
m
o
v
e
r
t
h
e
y
e
a
r
s
.
E
a
r
l
y
G
r
e
a
t
L
a
k
e
s
f
i
s
h
e
r
m
e
n
s
t
a
c
k
e
d
s
t
u
r
g
e
o
n
o
n
t
h
e
b
e
a
c
h
e
s
.
N
a
v
i
g
a
t
i
o
n
w
a
s
t
h
e
p
r
i
m
a
r
y
v
a
l
u
e
o
f
t
h
e
l
a
k
e
s
.
0
V
a
l
u
e
i
s
r
e
l
a
t
i
v
e
.
E
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
p
i
n
g
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
s
h
o
u
l
d
p
r
e
s
e
n
t
i
n
f
o
r
m
a
t
i
o
n
o
n
t
h
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
l
a
k
e
s
.
0
R
e
s
o
u
r
c
e
e
c
o
n
o
m
i
c
s
a
r
e
i
m
p
o
r
t
a
n
t
,
a
p
a
r
t
o
f
o
u
r
s
o
c
i
e
t
y
,
a
n
d
t
h
e
r
e
f
o
r
e
,
s
h
o
u
l
d
b
e
a
d
d
r
e
s
s
e
d
.
0
I
n
m
a
n
y
a
r
e
a
s
o
f
s
o
c
i
e
t
y
t
h
e
r
e
a
r
e
n
o
a
c
c
o
u
n
t
a
b
i
l
i
t
y
o
f
c
o
s
t
s
.
I
f
r
e
h
a
b
i
l
i
t
a
t
i
o
n
o
f
t
h
e
l
a
k
e
s
a
r
e
i
m
p
o
r
t
a
n
t
,
i
n
d
u
s
t
r
y
s
h
o
u
l
d
n
o
t
a
s
k
t
h
e
q
u
e
s
t
i
o
n
o
f
r
e
s
o
u
r
c
e
v
a
l
u
e
(
i
.
e
.
w
h
a
t
i
s
t
h
e
c
o
s
t
o
f
f
i
s
h
?
)
.
a
A
n
a
g
r
e
e
m
e
n
t
o
n
m
a
n
a
g
e
m
e
n
t
o
b
j
e
c
t
i
v
e
s
i
s
n
e
c
e
s
s
a
r
y
b
e
f
o
r
e
a
v
a
l
u
e
c
a
n
b
e
p
l
a
c
e
d
o
n
a
n
a
r
e
a
o
f
t
h
e
l
a
k
e
.
D
A
T
A
A
V
A
I
L
A
B
I
L
I
T
Y
A
N
D
U
S
E
0
P
r
e
v
i
o
u
s
I
J
C
r
e
p
o
r
t
s
p
o
i
n
t
t
o
a
l
a
c
k
o
f
d
a
t
a
t
o
a
s
s
e
s
s
c
h
a
n
g
e
s
i
n
t
h
e
Great Lakes.
0
T
h
e
r
e
i
s
a
g
r
e
a
t
d
e
a
l
o
f
G
r
e
a
t
L
a
k
e
s
d
a
t
a
a
l
r
e
a
d
y
a
v
a
i
l
a
b
l
e
,
h
o
w
e
v
e
r
t
h
o
s
e
d
a
t
a
a
r
e
s
e
g
m
e
n
t
e
d
a
m
o
n
g
m
a
n
y
l
a
b
o
r
a
t
o
r
i
e
s
a
n
d
w
o
u
l
d
n
e
e
d
t
o
b
e
integrated.
o
T
h
e
m
a
p
s
s
h
o
u
l
d
a
c
c
o
u
n
t
f
o
r
t
h
e
v
a
r
i
a
b
i
l
i
t
y
i
n
t
i
m
e
o
f
s
o
m
e
p
a
r
a
m
e
t
e
r
s
s
u
c
h
a
s
p
l
a
n
k
t
o
n
.
S
e
d
i
m
e
n
t
m
a
y
b
e
a
n
e
x
c
e
p
t
i
o
n
t
o
s
u
c
h
v
a
r
i
a
t
i
o
n
s
.
0
T
h
e
r
e
m
u
s
t
b
e
a
s
s
u
r
a
n
c
e
t
h
a
t
t
h
e
m
o
n
i
t
o
r
i
n
g
e
f
f
o
r
t
s
w
i
l
l
b
e
m
a
i
n
t
a
i
n
e
d
over time.
0
M
a
p
p
i
n
g
,
m
o
n
i
t
o
r
i
n
g
a
n
d
m
o
d
e
l
l
i
n
g
s
h
o
u
l
d
g
o
h
a
n
d
i
n
h
a
n
d
.
M
a
p
s
c
a
n
n
o
t
b
e
c
o
n
s
t
r
u
c
t
e
d
a
s
f
r
e
q
u
e
n
t
l
y
a
s
d
a
t
a
b
e
c
o
m
e
s
a
v
a
i
l
a
b
l
e
.
W
i
t
h
t
h
e
t
h
r
e
e
,
i
t
w
o
u
l
d
b
e
p
o
s
s
i
b
l
e
t
o
r
e
a
d
i
l
y
d
e
t
e
r
m
i
n
e
t
h
e
s
p
a
t
i
a
l
a
n
d
t
e
m
p
o
r
a
l
c
h
a
n
g
e
s
o
f
t
h
e
s
y
s
t
e
m
.
0
C
u
r
r
e
n
t
s
u
r
v
e
i
l
l
a
n
c
e
e
f
f
o
r
t
s
d
e
s
c
r
i
b
e
o
n
l
y
s
e
l
e
c
t
e
d
p
a
r
a
m
e
t
e
r
s
.
T
h
e
y
c
a
n
n
o
t
b
e
u
s
e
d
f
o
r
a
l
l
p
u
r
p
o
s
e
s
d
i
s
c
u
s
s
e
d
.
T
h
e
y
d
o
n
o
t
d
e
f
i
n
e
t
h
e
p
o
t
e
n
t
i
a
l
o
f
t
h
e
s
y
s
t
e
m
,
(
i
.
e
.
p
o
t
e
n
t
i
a
l
s
p
a
w
n
i
n
g
g
r
o
u
n
d
s
)
.
D
I
S
C
U
S
S
I
O
N
C
O
N
C
L
U
S
I
O
N
R
O
B
E
R
T
S
O
N
:
I
t
i
s
a
p
p
a
r
e
n
t
t
h
e
r
e
i
s
a
g
r
e
a
t
d
e
a
l
o
f
s
u
p
p
o
r
t
a
n
d
n
e
e
d
f
o
r
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
.
S
i
n
c
e
n
o
o
n
e
h
e
r
e
h
a
s
e
x
p
r
e
s
s
e
d
o
p
p
o
s
i
t
i
o
n
t
o
t
h
e
g
e
n
e
r
a
l
c
o
n
c
e
p
t
,
I
f
e
e
l
t
h
a
t
t
h
e
n
e
x
t
s
t
e
p
i
s
t
o
r
e
c
o
m
m
e
n
d
t
h
e
p
r
e
p
a
r
a
t
i
o
n
a
n
d
u
s
e
o
f
s
u
c
h
m
a
p
s
t
o
t
h
e
I
J
C
a
n
d
G
o
v
e
r
n
m
e
n
t
s
.
199
 
   
 WWW @
S
I
I
M
M
M
I
Y
&
II
II
NI
II
II
SI
II
N
T
h
i
s
c
h
a
p
t
e
r
s
u
m
m
a
r
i
z
e
s
t
h
e
c
o
n
c
l
u
s
i
o
n
s
d
r
a
w
n
f
r
o
m
e
a
c
h
o
f
t
h
e
w
o
r
k
s
h
o
p
s
e
c
t
i
o
n
s
a
n
d
p
r
e
s
e
n
t
s
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
f
o
r
f
u
r
t
h
e
r
a
c
t
i
o
n
s
w
i
t
h
r
e
g
a
r
d
s
to
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
p
i
n
g
.
I
t
i
s
a
n
e
x
p
r
e
s
s
i
o
n
o
f
t
h
e
v
i
e
w
s
o
f
t
h
e
w
o
r
k
s
h
o
p
S
t
e
e
r
i
n
g
C
o
m
m
i
t
t
e
e
m
e
m
b
e
r
s
.
F
i
v
e
o
f
t
h
e
s
i
x
S
t
e
e
r
i
n
g
C
o
m
m
i
t
t
e
e
M
e
m
b
e
r
s
a
g
r
e
e
d
o
n
a
j
o
i
n
t
r
e
p
o
r
t
o
f
t
h
e
s
u
m
m
a
r
y
a
n
d
c
o
n
c
l
u
s
i
o
n
s
.
T
h
e
v
i
e
w
s
o
f
t
h
e
s
i
x
t
h
m
e
m
b
e
r
a
r
e
p
r
e
s
e
n
t
e
d
a
t
t
h
e
e
n
d
o
f
t
h
e
c
h
a
p
t
e
r
.
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 S
U
M
M
A
R
Y
R
E
P
O
R
T
O
N
T
H
E
W
O
R
K
S
H
O
P
O
N
E
N
V
I
R
O
N
M
E
N
T
A
L
M
A
P
P
I
N
G
O
F
T
H
E
G
R
E
A
T
L
A
K
E
S
A
.
R
o
b
e
r
t
s
o
n
,
W
.
B
r
u
n
g
s
,
C
.
F
e
t
t
e
r
o
l
f
,
R
.
M
i
l
l
e
s
t
a
n
d
N
.
W
a
t
s
o
n
C
O
N
C
E
P
T
S
A
N
D
A
P
P
L
I
C
A
T
I
O
N
S
O
F
M
A
P
S
F
o
r
o
v
e
r
t
w
o
c
e
n
t
u
r
i
e
s
t
h
e
u
n
c
o
o
r
d
i
n
a
t
e
d
a
n
d
u
n
p
l
a
n
n
e
d
a
c
t
s
o
f
m
a
n
h
a
v
e
s
u
b
j
e
c
t
e
d
t
h
e
G
r
e
a
t
L
a
k
e
s
t
o
a
v
a
r
i
e
t
y
o
f
s
t
r
e
s
s
e
s
a
n
d
i
n
s
o
m
e
c
a
s
e
s
t
o
g
r
o
s
s
d
e
g
r
a
d
a
t
i
o
n
.
T
h
i
s
h
a
s
r
e
s
u
l
t
e
d
i
n
r
e
d
u
c
t
i
o
n
o
f
e
c
o
l
o
g
i
c
a
l
d
i
v
e
r
s
i
t
y
o
v
e
r
l
a
r
g
e
a
r
e
a
s
o
r
e
v
e
n
a
l
t
e
r
a
t
i
o
n
s
s
o
s
e
v
e
r
e
t
h
a
t
t
h
e
o
r
i
g
i
n
a
l
e
c
o
s
y
s
t
e
m
h
a
s
b
e
e
n
e
n
t
i
r
e
l
y
r
e
p
l
a
c
e
d
w
i
t
h
a
l
e
s
s
d
e
s
i
r
a
b
l
e
o
n
e
.
A
s
l
o
n
g
a
s
m
a
n
c
o
e
x
i
s
t
s
w
i
t
h
t
h
e
G
r
e
a
t
L
a
k
e
s
,
h
e
i
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
p
l
a
n
n
i
n
g
a
n
d
m
a
n
a
g
i
n
g
a
l
l
i
t
s
u
s
e
s
.
T
h
i
s
r
e
s
p
o
n
s
i
b
i
l
i
t
y
c
a
l
l
s
f
o
r
a
n
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
i
n
h
e
r
e
n
t
s
y
s
t
e
m
a
n
d
r
e
s
o
u
r
c
e
s
,
n
o
t
j
u
s
t
t
h
o
s
e
p
r
e
s
e
n
t
t
o
d
a
y
b
u
t
,
a
s
f
a
r
a
s
p
o
s
s
i
b
l
e
,
t
h
o
s
e
t
h
a
t
e
x
i
s
t
e
d
i
n
t
h
e
p
a
s
t
.
T
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
c
a
n
b
e
t
h
e
c
o
o
r
d
i
n
a
t
e
d
e
f
f
o
r
t
t
h
a
t
l
e
a
d
s
t
o
a
r
e
a
s
o
n
a
b
l
e
a
n
d
r
e
s
p
o
n
s
i
b
l
e
p
l
a
n
t
o
r
e
h
a
b
i
l
i
t
a
t
e
a
n
d
/
o
r
c
o
n
s
e
r
v
e
t
h
e
e
s
s
e
n
t
i
a
l
e
l
e
m
e
n
t
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
e
c
o
s
y
s
t
e
m
.
T
h
o
s
e
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
g
e
n
e
r
a
t
i
o
n
o
f
t
h
e
s
e
m
a
p
s
m
u
s
t
h
o
w
e
v
e
r
d
e
s
i
g
n
t
h
e
m
t
o
a
v
o
i
d
m
i
s
t
a
k
e
s
t
h
a
t
c
o
u
l
d
l
e
a
d
t
o
m
i
s
u
s
e
a
n
d
e
v
e
n
t
u
a
l
l
y
d
e
f
e
a
t
t
h
e
p
u
r
p
o
s
e
o
f
t
h
e
m
a
p
s
.
M
i
s
u
s
e
o
f
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
c
o
u
l
d
b
e
m
o
r
e
h
a
z
a
r
d
o
u
s
t
h
a
n
n
o
p
l
a
n
n
i
n
g
.
T
h
e
g
r
a
p
h
i
c
a
l
p
r
e
s
e
n
t
a
t
i
o
n
o
f
i
m
p
o
r
t
a
n
t
a
n
d
i
r
r
e
p
l
a
c
e
a
b
l
e
r
e
s
o
u
r
c
e
s
s
h
o
u
l
d
n
o
t
b
e
c
o
n
s
t
r
u
e
d
a
s
f
r
e
e
i
n
g
o
t
h
e
r
a
r
e
a
s
f
o
r
d
r
e
d
g
i
n
g
,
d
r
i
l
l
i
n
g
,
c
o
m
m
e
r
c
i
a
l
f
i
s
h
i
n
g
,
o
r
o
t
h
e
r
d
i
r
e
c
t
u
s
e
o
f
t
h
e
l
a
k
e
s
.
H
i
s
t
o
r
i
c
d
a
t
a
o
n
r
e
s
o
u
r
c
e
s
m
u
s
t
b
e
i
n
c
l
u
d
e
d
i
n
t
h
e
s
e
m
a
p
s
t
o
d
e
m
o
n
s
t
r
a
t
e
t
h
e
p
o
t
e
n
t
i
a
l
q
u
a
l
i
t
y
a
n
d
p
r
o
d
u
c
t
i
v
i
t
y
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
U
s
e
s
o
f
n
o
n
-
d
e
g
r
a
d
e
d
a
r
e
a
s
m
u
s
t
b
e
c
a
r
e
f
u
l
l
y
e
v
a
l
u
a
t
e
d
t
o
e
n
s
u
r
e
c
o
n
s
e
r
v
a
t
i
o
n
o
r
p
r
e
s
e
r
v
a
t
i
o
n
o
f
t
h
e
p
r
e
s
e
n
t
r
e
s
o
u
r
c
e
s
.
E
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
s
t
r
e
s
s
g
e
o
g
r
a
p
h
i
c
d
i
s
t
r
i
b
u
t
i
o
n
a
n
d
a
s
s
u
c
h
‘
r
e
p
r
e
s
e
n
t
s
t
a
t
i
c
p
i
c
t
u
r
e
s
a
t
g
i
v
e
n
t
i
m
e
s
.
T
h
e
y
a
r
e
e
s
s
e
n
t
i
a
l
l
y
"
s
n
a
p
s
h
o
t
s
"
f
o
r
c
o
m
-
p
a
r
i
s
o
n
t
o
o
t
h
e
r
t
i
m
e
s
o
r
s
u
m
m
a
r
i
e
s
o
f
g
r
a
d
i
e
n
t
s
.
C
O
N
C
E
P
T
S
O
F
E
N
V
I
R
O
N
M
E
N
T
A
L
M
A
P
P
I
N
G
S
e
v
e
r
a
l
i
m
p
o
r
t
a
n
t
c
o
n
s
i
d
e
r
a
t
i
o
n
s
a
r
e
n
e
c
e
s
s
a
r
y
t
o
d
e
v
e
l
o
p
a
d
e
q
u
a
t
e
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
,
r
e
g
a
r
d
l
e
s
s
o
f
t
h
e
i
r
e
v
e
n
t
u
a
l
u
s
e
.
T
h
e
f
o
l
l
o
w
i
n
g
c
o
n
—
s
i
d
e
r
a
t
i
o
n
s
,
n
o
t
i
n
a
n
y
o
r
d
e
r
o
f
p
r
i
o
r
i
t
y
,
a
r
e
c
r
u
c
i
a
l
t
o
a
v
o
i
d
m
i
s
u
s
e
o
r
m
i
s
i
n
t
e
r
p
r
e
t
a
t
i
o
n
o
f
t
h
e
m
a
p
s
:
1
.
T
w
o
d
i
s
t
i
n
c
t
l
y
d
i
f
f
e
r
e
n
t
k
i
n
d
s
o
f
m
a
p
s
a
r
e
n
e
e
d
e
d
.
D
e
t
a
i
l
e
d
m
a
p
s
w
i
t
h
a
s
s
o
r
t
e
d
o
v
e
r
l
a
y
s
a
r
e
n
e
c
e
s
s
a
r
y
f
o
r
m
o
s
t
t
e
c
h
n
i
c
a
l
o
r
s
c
i
e
n
t
i
f
i
c
w
o
r
k
r
e
s
u
l
t
i
n
g
i
n
m
a
n
a
g
e
r
i
a
l
d
e
c
i
s
i
o
n
s
.
M
o
r
e
g
e
n
e
r
a
l
i
z
e
d
m
a
p
s
a
r
e
n
e
c
e
s
s
a
r
y
f
o
r
p
u
b
l
i
c
r
e
l
a
t
i
o
n
s
a
n
d
p
u
b
l
i
c
u
s
e
.
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 Ma
ps
de
sc
ri
bi
ng
pa
st
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
ar
e
ne
ce
ss
ar
y
wh
en
co
ns
id
er
in
g
re
ve
rs
ib
il
it
y
an
d
re
ha
bi
li
ta
ti
on
an
d
wh
en
ca
lc
ul
at
in
g
rat
es
of
cha
nge
(ge
ner
all
y
deg
rad
ati
ve
in
nat
ure
)
tha
t
can
be
extrapolated to predict future trends.
The
nat
ura
l
eco
sys
tem
cha
rac
ter
ist
ics
mus
t
be
doc
ume
nte
d
but
the
cul
tur
al
str
ess
es
mus
t b
e
inc
lud
ed
als
o.
The
se
str
ess
es
sho
uld
inc
lud
e
tho
se
rel
ate
d t
o b
oth
poi
nt
and
non
—po
int
sou
rce
s.
Ite
m
#3
wil
l
pro
bab
ly
req
uir
e m
app
ing
of
mos
t
of
the
wat
ers
hed
to
document the cultural stresses adequately.
Map
pin
g
mus
t
be
coo
rdi
nat
ed
wit
h m
oni
tor
ing
and
mod
ell
ing
pro
gra
ms
because of their mutual dependence.
The
dev
elo
pme
nt
of
map
s m
ust
be
don
e f
rom
bot
h a
n h
oli
sti
c a
nd
a
red
uct
ion
ali
sti
c
per
spe
cti
ve,
i.e
.
bot
h
int
err
ela
tio
nsh
ips
and
specifics are necessary.
The
pri
nci
pal
fun
cti
ons
of
the
sys
tem
s n
eed
to
be
des
cri
bed
to
avoid misuse from unwarranted simplifications.
Sig
nif
ica
nt
sea
son
al
var
iab
ili
ty
is
an
imp
ort
ant
con
sid
era
tio
n.
The
dat
a s
our
ces
nee
d t
o b
e i
den
tif
ied
for
tho
se
who
nee
d g
rea
ter
detail than the maps provide.
APPLICATIONS OF ENVIRONMENTAL MAPS
  
Ther
e ar
e th
ree
gene
ral
grou
ps o
f us
ers
for
envi
ronm
enta
l ma
ps,
plan
ners
and decision—makers, scientists, and the general public. The most common
broad objectives of these users are:
1.
Impact minimization (e.g. site selection, waste treatment controls,
load limitations, dredging operations, mixing zone determinations,
preparation of environmental impact statements).
Rehabilitation (e.g. the historic changes and future projections
will provide guidelines for rehabilitation of excessively degraded
areas).
Conservation and preservation (e.g. development of sanctuaries,
protection of fish stocks).
Resource management (e.g. renewable resources could be better
defined and managed for optimum sustained yield, water supplies and
recreational facilities would be better protected, wetlands could
be better defined and protected).
Development of increased support for good management decisions
(e.g. the public will be better informed concerning the environment
and why certain actions are proposed).
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P
R
E
V
I
O
U
S
M
A
P
P
I
N
G
E
F
F
O
R
T
S
Pr
ev
io
us
ma
jo
r
en
vi
ro
nm
en
ta
l
ma
pp
in
g
ef
fo
rt
s
on
Ch
es
ap
ea
ke
Ba
y,
th
e
Ne
w
Yo
rk
Bi
gh
t,
th
e
co
as
ta
l
ar
ea
of
th
e
Gu
lf
of
Me
xi
co
,
th
e
ri
ve
rs
of
Gr
ea
t
Br
it
ai
n,
an
d
th
e
En
vi
ro
nm
en
t
Pr
ot
ec
ti
on
Se
rv
ic
e'
s
co
nt
in
ge
nc
y
pl
an
ni
ng
ma
ps
of
th
e
Lo
we
r
Gr
ea
t
La
ke
s,
as
we
ll
as
se
ve
ra
l
mi
no
r
sp
ec
ia
lt
y
ef
fo
rt
s
in
ot
he
r
ar
ea
s
we
re
re
vi
ew
ed
in
li
gh
t
of
th
e
fo
ll
ow
in
g
qu
es
ti
on
s:
wh
at
ha
s
be
en
ma
pp
ed
;
wh
y
we
re
th
e
ma
ps
de
ve
lo
pe
d;
we
re
th
e
ef
fo
rt
s
wo
rt
hw
hi
le
;
an
d
wh
at
ap
pr
oa
ch
sh
ou
ld
be
fo
ll
ow
ed
if
a
Gr
ea
t
La
ke
s
en
vi
ro
nm
en
ta
l
ma
pp
in
g
ef
fo
rt
is
begun.
WHAT HAS BEEN MAPPED?
De
pe
nd
in
g
on
pu
rp
os
e,
th
e
ma
ps
di
sp
la
ye
d,
in
va
ry
in
g
de
gr
ee
,
th
e
fu
nd
a—
me
nt
al
ch
ar
ac
te
ri
st
ic
s
of
th
e
sy
st
em
,
pr
oc
es
se
s,
an
d
ma
n'
s
us
es
of
th
e
re
so
ur
ce
.
Sp
ec
if
ic
su
bj
ec
ts
fo
r
ma
ps
in
cl
ud
ed
di
st
ri
bu
ti
on
of
co
mm
er
ci
al
ly
an
d
re
cr
ea
ti
on
—
al
ly
im
po
rt
an
t
sp
ec
ie
s
an
d
ha
rv
es
ti
ng
ef
fo
rt
s;
ha
bi
ta
t
an
d
to
po
gr
ap
hy
(b
ot
h
sh
or
el
in
e
an
d
be
nt
hi
c)
;
fu
nc
ti
on
of
ha
bi
ta
t;
ph
ys
ic
al
,
ch
em
ic
al
,
an
d
bi
ol
og
ic
al
qu
al
it
ie
s
an
d
pr
oc
es
se
s;
sh
or
el
in
e
pr
oc
es
se
s;
cu
lt
ur
al
de
ve
lo
pm
en
t
an
d
ac
ti
vi
ti
es
;
hy
dr
ol
og
ic
al
an
d
en
er
gy
pr
oc
es
se
s;
an
d
tr
en
ds
in
th
e
en
vi
ro
nm
en
t.
WH
Y
WE
RE
TH
E
MA
PS
DE
VE
LO
PE
D?
Th
e
co
mp
el
li
ng
re
as
on
fo
r
de
ve
lo
pi
ng
en
vi
ro
nm
en
ta
l
ma
ps
wa
s
to
di
sp
la
y
si
mu
lt
an
eo
us
ly
tw
o
or
mo
re
co
nc
ur
re
nt
or
re
la
te
d
si
tu
at
io
ns
on
an
ar
ea
wi
de
ba
si
s
so
th
at
al
te
rn
at
iv
es
an
d
im
pl
ic
at
io
ns
co
ul
d
be
pe
rc
ei
ve
d
by
ma
na
ge
rs
.
Th
e
de
ve
lo
pe
rs
of
th
e
ma
ps
so
on
re
al
iz
ed
th
at
th
ei
r
ef
fo
rt
s
co
ul
d
be
us
ed
to
ad
dr
es
s
is
su
es
,
ma
tt
er
s
in
di
sp
ut
e.
At
th
at
po
in
t
ma
pp
in
g
to
ok
tw
o
di
re
ct
io
ns
;
in
te
rn
al
fo
r
te
ch
ni
ca
l
pu
rp
os
es
an
d
ex
te
rn
al
fo
r
pu
bl
ic
pu
rp
os
es
.
E
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
fo
r
e
xt
e
r
n
a
l
p
ur
p
o
s
e
s
us
ua
l
l
y
fo
cu
s
on
th
os
e
i
s
s
ue
s
of
i
m
p
o
r
t
a
n
c
e
to
th
e
p
ub
l
i
c
or
is
su
es
th
at
p
l
a
n
n
e
r
s
an
d
m
a
n
a
g
e
r
s
w
i
s
h
to
b
r
i
n
g
to
p
ub
l
i
c
at
te
nt
io
n.
If
iS
Su
es
ar
e
im
po
rt
an
t
to
th
e
pu
bl
ic
,
th
ey
ar
e
im
po
rt
an
t
po
li
ti
ca
ll
y,
an
d,
be
ca
us
e
th
e
po
li
ti
ca
l
pr
oc
es
s
is
vi
ta
l
to
th
e
w
e
l
f
a
r
e
of
m
a
n
a
g
e
m
e
n
t
an
d
r
e
g
u
l
a
t
o
r
y
ag
en
ci
es
,
th
er
e
is
a
cl
os
ed
c
i
r
c
l
e
of
i
n
t
e
r
d
e
p
e
n
d
e
n
c
e
.
P
ub
l
i
c
is
su
es
a
d
d
r
e
s
s
e
d
b
y
th
e
e
n
vi
r
o
n
m
e
n
t
a
l
m
a
p
s
d
i
s
c
u
s
s
e
d
d
u
r
i
n
g
th
e
w
o
r
k
s
h
o
p
i
nc
lu
de
d:
a
e
s
t
h
e
t
i
c
f
o
ul
i
n
g
of
be
ac
he
s;
s
wi
m
m
i
n
g
wa
t
e
r
qu
al
it
y;
b
e
a
c
h
an
d
s
h
o
r
e
l
i
n
e
er
os
io
n;
s
t
o
r
m
su
rg
es
an
d
ri
ve
r
fl
oo
di
ng
;
f
i
s
h
l
e
s
s
ri
ve
rs
;
g
r
o
s
s
l
y
p
o
l
l
ut
e
d
wa
te
r;
c
o
n
t
a
m
i
n
a
t
e
d
fi
sh
an
d
sh
el
lf
is
h;
r
e
c
r
e
a
t
i
o
n
a
l
o
p
p
o
r
t
u
n
i
t
i
e
s
a
n
d
a
c
c
e
s
s
;
a
v
a
i
l
a
b
i
l
i
t
y
of
f
i
s
h
a
n
d
f
i
s
h
i
n
g
;
o
v
e
r
c
r
o
w
d
i
n
g
a
n
d
c
o
n
f
l
i
c
t
i
n
g
us
e
s
;
p
r
o
t
e
c
t
i
o
n
of
h
a
b
i
t
a
t
;
i
n
d
u
s
t
r
i
a
l
a
n
d
c
u
l
t
u
r
a
l
d
e
ve
l
o
p
m
e
n
t
;
an
d
o
ve
r
a
l
l
pl
an
ni
ng
.
E
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
f
o
r
i
n
t
e
r
n
a
l
u
s
e
i
n
c
l
u
d
e
d
a
w
i
d
e
r
v
a
r
i
e
t
y
o
f
p
a
r
a
m
e
t
e
r
s
i
n
g
r
e
a
t
e
r
d
e
t
a
i
l
t
h
a
n
t
h
o
s
e
p
r
e
p
a
r
e
d
f
o
r
t
h
e
p
u
b
l
i
c
.
T
h
e
s
y
s
t
e
m
c
a
n
b
e
r
e
v
e
a
l
e
d
i
n
a
n
h
o
l
i
s
t
i
c
m
a
n
n
e
r
w
i
t
h
e
m
p
h
a
s
i
s
o
n
f
u
n
c
t
i
o
n
l
e
a
d
i
n
g
to
b
e
t
t
e
r
u
n
d
e
r
s
t
a
n
d
i
n
g
a
m
o
n
g
i
n
t
e
r
d
i
s
c
i
p
l
i
n
a
r
y
s
c
i
e
n
c
e
s
a
n
d
d
e
c
i
s
i
o
n
m
a
k
e
r
s
.
S
u
c
h
u
n
d
e
r
s
t
a
n
d
i
n
g
s
h
o
ul
d
r
e
s
ul
t
in
c
o
o
p
e
r
a
t
i
ve
d
e
c
i
s
i
o
n
s
c
o
m
p
l
e
m
e
n
t
a
r
y
to
o
ve
r
a
l
l
ma
na
ge
me
nt
ob
je
ct
iv
es
.
Be
si
de
s
be
in
g
an
ai
d
fo
r
de
ci
si
on
—m
ak
in
g,
ot
he
r
in
te
rn
al
ag
en
cy
us
es
involve:
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 1. Identifying concurrent or conflicting water uses;
2. Selecting management objectives;
3. Preparing environmental impact statements leading to impact
minimization;
4. Designing research and surveillance;
5. Understanding of trends through time;
6. Identifying habitats which must be protected, preserved or
restored;
7. Future planning.
A very simple quote from one participant sums up the purpose of environ-
mental maps, "So mankind can avoid gross errors".
WERE THE EFFORTS WORTHWHILE?
 
The maps were used extensively when any internal decisions involving the
waterbody were being made by management agencies. The maps themselves served
as the basis of debate and influenced acceptance or rejection of ideas.
The maps prepared for external use, those that addressed public issues,
were extremely valuable to the welfare of the resource and the responsible
agencies.
While raising the environmental consciousness of the public, the
maps were a solution to the problem of explaining environmental concepts and
the issues to lay people and scientists alike. Maps facilitated the trans—
mission of factual information, communicated the interrelationships of factors
in the system, and linked environmental science to the personal interests and
concerns of the public.
Caring is something one acquires through exposure and understanding.
A
sense of belonging is not legislated or commanded, it seeps into your being
as one becomes a part of things.
Environmental maps have created an under-
standing and a sense of caring in the public.
A feeling that "this is my
resource",
"my lake",
"my bay" has been developed.
Historical environmental
maps compared with those of today could show the public what they have lost
compared with what
theyhave today, and what
theycould have in the future.
Such
displays
can build
a constituency
for
a waterbody,
a
public
which
speaks
for their resources.
WHAT
APPROACH
SHOULD
BE
FOLLOWED
IF
A
GREAT
LAKES
ENVIRONMENTAL
MAPPING
EFFORT IS BEGUN?
Major
guidelines
which
the
participants
agreed
upon
include:
1.
Clearly
define
the
purpose
of
the
exercise
before
selecting
the
issues
to
be
addressed
and
the
parameters
to
be
included;
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 2.
Em
ph
as
iz
e
ba
si
cs
th
at
ex
pl
ai
n
th
e
sy
st
em
an
d
th
e
fu
nd
am
en
ta
l
re
la
ti
on
sh
ip
s
am
on
g
cu
lt
ur
al
,
ph
ys
ic
al
,
ch
em
ic
al
an
d
bi
ol
og
ic
al
characteristics;
3.
Ch
oo
se
a
pi
lo
t
wa
te
rb
od
y
wh
ic
h
is
ap
pr
oa
ch
ab
le
an
d
fo
r
wh
ic
h
th
e
m
o
s
t
d
e
s
i
r
e
d
d
a
t
a
a
r
e
a
v
a
i
l
a
b
l
e
;
4.
In
it
ia
l
ef
fo
rt
s
sh
ou
ld
be
li
mi
te
d
to
th
e
co
mp
il
at
io
n
an
d
di
sp
la
y
of
da
ta
al
re
ad
y
ga
th
er
ed
,
ra
th
er
th
an
co
ll
ec
ti
ng
ne
w
in
fo
rm
at
io
n
re
co
gn
iz
in
g
th
at
wi
th
ex
pe
ri
en
ce
di
ff
er
en
t
pa
ra
me
te
rs
ma
y
be
re
qu
ir
ed
.
5.
P
r
e
p
a
r
e
h
i
s
t
o
r
i
c
a
l
an
d
c
o
n
t
e
m
p
o
r
a
r
y
d
i
s
p
l
a
ys
c
o
n
c
ur
r
e
n
t
l
y;
6.
T
i
m
e
th
e
p
r
o
j
e
c
t
so
th
at
al
l
s
e
g
m
e
n
t
s
ar
e
r
e
l
e
a
s
e
d
s
i
m
ul
t
a
n
e
o
us
l
y;
 
‘
7.
As
si
gn
re
sp
on
si
bi
li
ty
to
a
sm
al
l
te
am
of
hi
gh
ly
qu
al
if
ie
d
pr
of
es
—
l
si
on
al
s,
wh
ic
h
in
cl
ud
es
an
ex
ce
ll
en
t,
im
ag
in
at
iv
e
ar
ti
st
—c
ar
to
gr
ap
he
r;
8.
Th
e
te
xt
ac
co
mp
an
yi
ng
th
e
di
sp
la
ys
is
of
eq
ua
l
im
po
rt
an
ce
wi
th
th
e
ma
ps
.
Ca
ve
at
s
on
cu
rr
en
cy
of
in
fo
rm
at
io
n,
in
te
rp
re
ta
ti
on
of
da
ta
,
an
d
ex
pl
an
at
io
n
of
wh
at
is
no
t
kn
ow
n
sh
ou
ld
be
ex
pr
es
se
d
cl
ea
rl
y
to
gu
ar
d
ag
ai
ns
t
mi
su
se
of
ma
ps
;
9.
B
e
c
a
u
s
e
th
e
p
r
o
j
e
c
t
st
af
f
wi
l
l
n
e
e
d
fu
ll
a
g
e
n
c
y
co
op
er
at
io
n,
co
mm
it
me
nt
to
th
e
pr
oj
ec
t
mu
st
be
ex
pr
es
se
d
by
th
e
hi
gh
es
t
ad
mi
ni
s-
tr
at
or
of
th
e
re
so
ur
ce
ag
en
ci
es
su
rr
ou
nd
in
g
th
e
wa
te
rb
od
y
to
be
mapped.
A
V
A
I
L
A
B
I
L
I
T
Y
O
F
I
N
F
O
R
M
A
T
I
O
N
Du
ri
ng
th
is
se
ss
io
n
pr
es
en
ta
ti
on
s
we
re
ma
de
on
th
e
av
ai
la
bi
li
ty
of
th
e
i
n
f
o
r
m
a
t
i
o
n
n
e
e
d
e
d
to
m
a
p
v
a
r
i
o
u
s
a
s
p
e
c
t
s
of
th
e
e
n
vi
r
o
n
m
e
n
t
.
It
wa
s
c
o
n
c
l
ud
e
d
th
at
i
n
f
o
r
m
a
t
i
o
n
is
p
r
e
s
e
n
t
l
y
a
va
i
l
a
b
l
e
th
at
wi
l
l
a
l
l
o
w
th
e
d
e
ve
l
o
p
m
e
n
t
of
m
a
p
s
of
a
n
um
b
e
r
of
a
s
p
e
c
t
s
of
th
e
e
n
vi
r
o
n
m
e
n
t
.
H
o
we
ve
r
,
fo
r
m
a
n
y
a
s
p
e
c
t
s
of
s
p
e
c
i
a
l
i
n
t
e
r
e
s
t
fo
r
r
e
s
o
u
r
c
e
m
a
n
a
g
e
m
e
n
t
,
th
er
e
is
no
t
p
r
e
s
e
n
t
l
y
e
n
o
ug
h
d
a
t
a
a
v
a
i
l
a
b
l
e
to
p
r
o
d
u
c
e
u
s
e
f
u
l
m
a
p
s
.
M
a
p
s
s
h
o
w
i
n
g
b
o
t
h
p
a
s
t
a
n
d
p
r
e
s
e
n
t
c
o
n
d
i
t
i
o
n
s
c
o
u
l
d
b
e
m
o
s
t
v
a
l
u
a
b
l
e
f
o
r
m
a
n
y
n
e
e
d
s
.
H
o
w
e
v
e
r
,
e
v
e
n
w
h
e
r
e
d
a
t
a
o
n
p
r
e
s
e
n
t
c
o
n
d
i
t
i
o
n
s
a
r
e
a
v
a
i
l
a
b
l
e
,
i
n
f
o
r
m
a
t
i
o
n
o
n
t
h
e
p
a
s
t
s
i
t
u
a
t
i
o
n
is
o
f
t
e
n
n
o
t
o
b
t
a
i
n
a
b
l
e
.
T
h
o
s
e
f
a
c
t
o
r
s
fo
r
w
h
i
c
h
it
w
o
u
l
d
b
e
p
o
s
s
i
b
l
e
to
p
r
o
d
u
c
e
m
e
a
n
i
n
g
f
u
l
m
a
p
s
of
p
a
s
t
c
o
n
d
i
t
i
o
n
s
i
n
c
l
u
d
e
:
d
i
s
t
r
i
b
u
t
i
o
n
s
of
h
u
m
a
n
p
o
p
u
l
a
t
i
o
n
a
n
d
of
s
o
m
e
i
m
p
o
r
t
a
n
t
f
i
s
h
s
p
e
c
i
e
s
;
c
h
a
n
g
e
s
i
n
l
a
n
d
us
e
,
a
n
d
s
h
o
r
e
l
i
n
e
m
o
d
i
f
i
c
a
t
i
o
n
s
a
n
d
p
r
o
c
e
s
s
e
s
;
a
n
d
a
f
e
w
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
s
.
L
a
r
g
e
s
e
t
s
of
d
a
t
a
u
p
o
n
w
h
i
c
h
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
s
c
o
u
l
d
b
e
b
a
s
e
d
a
r
e
i
n
t
h
e
a
r
c
h
i
ve
s
of
a
n
um
b
e
r
of
o
r
g
a
n
i
z
a
t
i
o
n
s
th
at
h
a
ve
c
o
n
d
uc
t
e
d
e
n
vi
r
o
n
m
e
n
t
a
l
st
ud
ie
s
on
th
e
Gr
ea
t
La
ke
s.
No
ne
th
el
es
s,
th
er
e
ar
e
pr
ob
le
ms
in
ob
ta
in
in
g
ac
ce
ss
to
so
me
of
th
es
e
da
ta
se
ts
an
d
la
rg
er
di
ff
ic
ul
ti
es
in
ob
ta
in
in
g
th
e
:
tr
ai
ne
d
pe
rs
on
ne
l
an
d
th
e
fu
nd
s
to
de
ve
lo
p
en
vi
ro
nm
en
ta
l
ma
ps
ba
se
d
on
th
es
e
data.
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 All
publications
of
environmental
maps
should
contain
a well—written
text
that
includes
discussion
of
the
methods
used,
the
reliability
of
the
data
and
where
they
are
archived
as
well
as
an
interpretation
of
the
maps.
The
mapping
efforts
should
take
into
account
the
variability
in
the
property
under
consideration.
This
can
take
the
form
of
series
of
maps
showing
changes
due
to
seasonal,
annual,
or
other
fluctuations
but
should
also
include
indications
in
the
accompanying
text
or
on
the
maps
themselves
of
the
variance
of
the
measurements
used
to
construct
the
maps.
Any
environmental
maps
that
are
produced
will
probably
be
incomplete
due
to
lack
of
adequate
information
for
certain
times
and
places
and
will
also
become
outdated
as
conditions
change.
Thus,
they
should
clearly
indicate
the
areas
of
inadequate
information
and
should
be
updated
as
new
information
becomes
available.
There
was
general
agreement
during
the
session
that
the
data
exist
to
produce
maps
of
certain
important
environmental
properties
and
that
such
maps
could
meet
some
of
the
needs
that
were
expressed
during
the
workshop.
Taking
into
consideration
data
availability
and
potential
utility,
the
following
types
of
maps
were
identified
as
high
priority
for
inclusion
in
an
environment
mapping
effort
on
the
Great
Lakes:
1.
2.
Species
distribution
and
relative
abundance
of
important
fish
species
including
past
conditions
where
possible.
Distribution
of
reproduction
and
nursery
grounds
of
important
fish
also
including
past
conditions
where
possible.
The
past
and
present
distribution
of
land
use
and
population
within
the Great Lakes Basin.
Past
and
present
locations
and
amounts
of
municipal
and
industrial
discharges
within
the
Great
Lakes
Basin.
Distribution
and
intensity
of
various
environmental
stresses
within
the Great Lakes.
Distribution
and
relative
abundance
of
ecologically
important
species
and
of
species
that
are
indicators
of
environmental
quality.
Distribution
and
relative
abundance
of
species
of
lake
dependent
wildlife.
Distribution
of
areas
that
are
suitable
for
certain
potential
uses.
Location
of
potable
water
intakes.
C
O
N
C
L
U
S
I
O
N
S
A
N
D
R
E
C
O
M
M
E
N
D
A
T
I
O
N
S
O
n
e
o
f
t
h
e
m
a
j
o
r
g
o
a
l
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
i
s
t
o
r
e
s
t
o
r
e
a
n
d
e
n
h
a
n
c
e
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
I
t
i
s
t
h
e
r
e
s
p
o
n
s
i
-
b
i
l
i
t
y
o
f
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
t
o
m
a
k
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
t
o
t
h
e
g
o
v
e
r
n
m
e
n
t
s
o
f
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
n
d
C
a
n
a
d
a
o
n
m
e
a
s
u
r
e
s
t
o
a
c
h
i
e
v
e
t
h
i
s
g
o
a
l
.
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T
h
e
r
e
w
a
s
g
e
n
e
r
a
l
a
g
r
e
e
m
e
n
t
d
u
r
i
n
g
t
h
i
s
w
o
r
k
s
h
o
p
t
h
a
t
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
p
i
n
g
h
o
l
d
s
s
i
g
n
i
f
i
c
a
n
t
p
r
o
m
i
s
e
in
th
is
en
de
av
ou
r.
In
a
m
o
r
e
ge
ne
ra
l
co
nt
ex
t,
it
w
a
s
a
l
s
o
r
e
c
o
g
n
i
z
e
d
t
h
a
t
s
u
c
h
m
a
p
p
i
n
g
is
a
v
e
r
y
p
r
o
m
i
s
i
n
g
t
e
c
h
n
i
q
u
e
to
a
i
d
in
th
e
f
o
r
m
u
l
a
t
i
o
n
of
s
o
un
d
r
e
s
o
ur
c
e
m
a
n
a
g
e
m
e
n
t
d
e
c
i
s
i
o
n
s
,
in
i
n
f
o
r
m
i
n
g
an
d
i
n
v
o
l
v
i
n
g
th
e
p
ub
l
i
c
c
o
n
c
e
r
n
i
n
g
th
e
c
o
n
s
e
r
va
t
i
o
n
an
d
p
r
o
t
e
c
t
i
o
n
of
wa
t
e
r
s
,
an
d
in
a
d
v
a
n
c
i
n
g
ou
r
s
c
i
e
n
t
i
f
i
c
k
n
o
wl
e
d
g
e
of
th
ei
r
st
at
us
.
T
h
e
S
t
e
e
r
i
n
g
C
o
m
m
i
t
t
e
e
of
th
e
wo
r
k
s
h
o
p
,
b
a
s
e
d
on
th
e
d
e
l
i
b
e
r
a
t
i
o
n
s
of
th
e
wo
r
k
s
h
o
p
;
an
d
in
r
e
c
o
g
n
i
t
i
o
n
of
th
e
b
e
n
e
f
i
c
i
a
l
us
es
fo
r
Gr
ea
t
L
a
k
e
s
recommends:
c
t
h
a
t
t
h
e
G
o
v
e
r
n
m
e
n
t
s
of
C
a
n
a
d
a
a
n
d
t
h
e
U.
S.
d
e
m
o
n
s
t
r
a
t
e
t
h
e
i
r
r
e
c
o
g
n
i
—
t
i
o
n
of
th
e
u
t
i
l
i
t
y
of
e
n
v
i
r
o
n
m
e
n
t
a
l
m
a
p
p
i
n
g
of
th
e
Gr
ea
t
L
a
k
e
s
by
a
s
s
u
m
i
n
g
t
h
e
r
e
s
p
o
n
s
i
b
i
l
i
t
y
f
o
r
d
e
v
e
l
o
p
i
n
g
a
c
o
o
p
e
r
a
t
i
v
e
m
a
p
p
i
n
g
program;
0
t
h
a
t
s
u
c
h
a
m
a
p
p
i
n
g
p
r
o
g
r
a
m
b
e
i
n
i
t
i
a
t
e
d
a
s
s
o
o
n
a
s
f
e
a
s
i
b
l
e
;
0
t
h
a
t
t
h
i
s
p
r
o
g
r
a
m
c
o
m
m
e
n
c
e
b
y
d
e
v
e
l
o
p
i
n
g
m
a
p
s
of
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
of
a
n
u
m
b
e
r
of
e
n
v
i
r
o
n
m
e
n
t
a
l
p
r
o
p
e
r
t
i
e
s
a
n
d
s
t
r
e
s
s
e
s
fo
r
a
l
i
m
i
t
e
d
s
u
b
a
r
e
a
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
s
y
s
t
e
m
,
e
.
g
.
L
a
k
e
O
n
t
a
r
i
o
;
0
a
n
d
t
h
a
t
t
h
e
e
f
f
o
r
t
b
e
o
r
g
a
n
i
z
e
d
a
n
d
c
o
o
r
d
i
n
a
t
e
d
a
s
p
a
r
t
o
f
t
h
e
e
x
i
s
t
i
n
g
I
J
C
s
t
r
u
c
t
u
r
e
f
o
r
i
m
p
l
e
m
e
n
t
a
t
i
o
n
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t
h
e
G
r
e
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W
a
t
e
r
Q
u
a
l
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t
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A
g
r
e
e
m
e
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W. J. Christie
Sinc
e my
firs
t ex
posu
re t
o th
e su
bjec
t of
envi
ronm
enta
l va
lue
mapp
ing
las
t M
arc
h,
I h
ave
bee
n f
ace
d w
ith
a s
ing
le
per
sis
tin
g d
iff
icu
lty
.
Nam
ely
,
sev
era
l c
oll
eag
ues
too
k t
he
vie
w t
hat
the
ben
efi
ts
of
map
pin
g w
ere
est
abl
ish
ed
and
tha
t o
ngo
ing
dis
cus
sio
ns
sho
uld
be
pri
nci
pal
ly
con
cer
ned
wit
h w
hat
to
map
,
and
how
to
map
.
Thi
s a
tti
tud
e c
arr
ied
thr
oug
h t
he
sha
pin
g o
f t
he
wor
ksh
op
pro
gra
m a
nd
onl
y l
ast
—mi
nut
e a
rra
nge
men
ts
per
mit
ted
any
gen
era
liz
ed
dis
cus
sio
n o
f t
he
pre
cep
ts
of
map
pin
g i
n t
he
pro
gra
m.
The
se
dis
cus
sio
ns
rev
eal
ed
the
con
cer
ns
of
a m
ajo
rit
y o
f f
ish
ery
and
som
e w
ate
r q
ual
ity
per
son
nel
whi
ch
I f
elt
des
erv
ed
exp
lic
it
att
ent
ion
in
the
wor
ksh
op
rep
ort
.
Thi
s c
han
ge
in
the
ter
ms
of
ref
ere
nce
was
not
app
rov
ed
by
oth
er
mem
ber
s o
f
the
ste
eri
ng
com
mit
tee
,
and
for
thi
s r
eas
on
I a
m c
ons
tra
ine
d t
o s
ubm
it
my
comments in a minority statement.
In
the
cou
rse
of
the
wor
ksh
op
it
was
agr
eed
tha
t
the
re
is
a s
ign
ifi
can
t
app
lic
ati
on
for
env
iro
nme
nta
l m
aps
in
the
are
as
of
pub
lic
inf
orm
ati
on,
res
our
ce
pro
tec
tio
n,
and
sci
ent
ifi
c a
nal
ysi
s.
The
ori
gin
al
"en
vir
onm
ent
al
‘
val
ue
map
pin
g"
had
spe
cif
ic
ref
ere
nce
to
the
ass
ign
men
t
of
qua
si-
obj
ect
ive
1
val
ues
to
are
as
in
bio
log
ica
l
ter
ms,
to
min
imi
ze
the
env
iro
nme
nta
l
con
—
1
seq
uen
ces
of
all
oca
tio
n t
o d
est
ruc
tiv
e w
ate
r u
ses
.
The
wor
d "
val
ue"
was
:
del
ete
d
in
def
ere
nce
to
the
rel
ati
ve
imp
ort
anc
e
of
oth
er
map
app
lic
ati
ons
Whi
ch
do
not
req
uir
e a
ssi
gnm
ent
of
bio
log
ica
l w
ort
h a
nd
bec
aus
e "
val
ue"
is
a r
ela
tiv
e
ter
m d
epe
nde
nt
on
an
ind
ivi
dua
l's
imm
edi
ate
nee
ds
and
per
spe
cti
ve.
It
was
my
vie
w t
hat
thi
s
did
not
go
far
eno
ugh
.
The
use
of
env
iro
nme
nta
l
map
s
for
det
erm
ina
tio
n
of
rel
ati
ve
bio
log
ica
l
val
ue
is
not
sci
ent
ifi
cal
ly
de
fe
ns
ib
le
,
an
d
in
my
op
in
io
n
th
e
co
nt
ri
bu
ti
on
s
to
th
e
wo
rk
sh
op
am
pl
y
sup
por
ted
thi
s.
The
con
clu
din
g
rep
ort
of
the
wor
ksh
op'
s
ste
eri
ng
com
mit
tee
sho
uld
the
ref
ore
spe
cif
ica
lly
war
n
aga
ins
t
the
use
of
env
iro
nme
nta
l m
aps
for this purpose.
Th
is
wo
rk
sh
op
wa
s
we
ll
at
te
nd
ed
by
fi
sh
er
ie
s
bi
ol
og
is
ts
,
th
ei
r
vi
ew
s
ge
ne
ra
ll
y
st
oo
d
in
sh
ar
p
co
nt
ra
st
wi
th
th
os
e
of
th
e
bi
ol
og
is
ts
wh
o
wo
rk
wi
th
or
ga
ni
sm
s
at
lo
we
r
tr
op
hi
c
le
ve
ls
.
Th
e
mo
st
ob
vi
ou
s
di
ff
er
en
ce
wa
s
th
at
th
e
fi
sh
er
ie
s
bi
ol
og
is
ts
vi
ew
th
e
co
nt
in
ui
ng
de
pr
ec
ia
ti
on
of
_t
he
wa
te
rs
wi
th
fa
r
gr
ea
te
r
al
ar
m.
Th
ey
fe
el
th
at
th
e
se
qu
en
ti
al
de
gr
ad
at
io
n
of
th
e
fi
sh
co
mm
un
it
ie
s
ca
us
ed
by
th
e
co
mb
in
ed
ac
ti
on
of
th
e
se
ve
ra
l
ki
nd
s
of
hu
ma
n
st
re
ss
as
ob
se
rv
ed
in
th
e
lo
we
r
Gr
ea
t
La
ke
s,
wi
ll
re
su
lt
in
th
e
ne
ar
fu
tu
re
in
th
e
lo
ss
of
al
l
us
ef
ul
ne
ss
of
th
e
re
so
ur
ce
s.
Fu
rt
he
r,
th
e
pr
og
re
ss
io
n
of
th
is
pr
oc
es
s
in
th
e
up
pe
r
Gr
ea
t
La
ke
s
ca
n
be
pr
oj
ec
te
d
fo
r
onl
y s
ome
wha
t l
ate
r d
ate
s.
The
re
is
a n
eed
for
an
imm
edi
ate
hal
t t
o t
he
process, and Canadian fisheries biologists are intensely concerned with
recovering lost resources to whatever extent possible.
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The other contrast lay with the degree of concern expressed by fisheries
biologists for the health of whole ecosystems. Their point of view was
essentially that "good" areas or "less good" areas cannot be defined because
they all contribute functionally to the productivity of the systems. The
basis for the disagreement is hard to understand. I do not suggest that my
water quality colleagues have a faulty perception of the ecosystem, but one
thought which occurs is that they may have grown accustomed to thinking of
systems without fish. While other components of the aquatic systems are
planktonic or more or less sedentary, fish rove widely. The mobility of
fish, therefore, significantly extends the spatial limits of the ecosystem.
Conversely, it could be that the water quality biologists, in fact, have the
same perception of the ecosystem as the fisheries biologists, but take the
view that an "ecosystem approach" cannot be translated into practical applica—
tion for water pollution control management. However, the view of fisheries
biologists that water pollution control cannot be postponed is equally prag-
matic.
What this says is that a new initiative is indicated, and constructing
maps to make allocation procedures more sophisticated is only more of the
same old thing.
Two final observations seem appropriate.
First, it is likely that a
mapping program will develop in the U.S. and part of its purpose may include
the development of a resource value scheme to control allocation.
I would
not suggest that there is a clear concensus in Canada on the matter, but a
number of Canadian water quality
workersexpressed misgivings ab0ut utilizing
the mixing zone concept as a vehicle for proposed improvements in allocation
arrangements.
It seems prudent therefore, to avoid committing Canada to an
important international initiative until
thereis clear agreement on the most
desirable national objective. In other words, a rash decision now could prove
embarrassing in future.
The second is that the difference in point of view between water quality
and fisheries biologists is very important and it exposes a disparity in
objectives
and methods
in the
two
areas
of water
resource
management which
cannot
be
allowed
to persist.
I believe
that my
colleagues
on
the workshop
steering
committee
also
believe
this
to
be
true
but
feel
that
this
is
not
an
appropriate
forum
in
which
to
air
the
issue.
My
response
is--if
not
here,
where?
SUMMARY
AND
RECOMMENDATIONS
g
Most
fishery workers
take
the view
that mapping
for
the
purposes
of
allocating
further
degradative
uses
to
the
lakes
represents
the worst
possible
misapplication.
The
consensus
is
that
further
pollution
is
altogether
inimical
to
future
use
of
the
lakes
for
recreational
and
commercial
fisheries,
and
that,
in
fact,
all
efforts
must
be
directed
towards
pollution
abatement.
The
concept
that
future
absorptive
capability
is
compatible
with
high
quality
fish
production
is,
in
other
words,
highly
suspect.
From
this
perspective,
mapping
has
important
application
in
terms
of
rehabilitative
efforts,
but
should
be
tightly
incorporated
in
programs
designed
specifically
to
this
end.
First
priority
should
be
given
to
lake—scale
studies
to
advance
the
ecological
understanding
which
is
necessary
for
rehabilitation.
These
studies
should
be
funded
with
greatest
emphasis
on
monitoring
and
modelling.
Mapping
should
be
recognized
as
an
intrinsic
component
of
a
monitoring
program.
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n
W
i
l
l
i
a
m
s
F
i
s
h
a
n
d
M
a
r
i
n
e
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1.
A
s
u
s
e
d
h
e
r
e
i
n
,
"
r
e
s
e
a
r
c
h
"
i
n
c
l
u
d
e
s
d
e
v
e
l
o
p
m
e
n
t
,
d
e
m
o
n
s
t
r
a
t
i
o
n
a
n
d
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
,
b
u
t
d
o
e
s
n
o
t
i
n
c
l
u
d
e
r
e
g
u
l
a
r
m
o
n
i
t
o
r
i
n
g
a
n
d
s
u
r
v
e
i
l
l
a
n
c
e
o
f
w
a
t
e
r
q
u
a
l
i
t
y
.
2
.
T
h
e
f
u
n
c
t
i
o
n
s
a
n
d
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
o
f
t
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
r
e
l
a
t
i
n
g
t
o
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
i
n
C
a
n
a
d
a
a
n
d
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
c
o
n
c
e
r
n
i
n
g
t
h
e
q
u
a
l
i
t
y
o
f
t
h
e
w
a
t
e
r
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
S
y
s
t
e
m
s
h
a
l
l
b
e
a
s
f
o
l
l
o
w
s
:
(
a
)
T
o
r
e
v
i
e
w
a
t
r
e
g
u
l
a
r
i
n
t
e
r
v
a
l
s
t
h
e
s
e
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
i
n
o
r
d
e
r
t
o
:
(
i
)
e
x
a
m
i
n
e
t
h
e
a
d
e
q
u
a
c
y
a
n
d
r
e
l
i
a
b
i
l
i
t
y
o
f
r
e
s
e
a
r
c
h
r
e
s
u
l
t
s
,
t
h
e
i
r
d
i
s
s
e
m
i
n
a
t
i
o
n
,
a
n
d
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f
t
h
e
i
r
a
p
p
l
i
c
a
t
i
o
n
;
(
i
i
)
i
d
e
n
t
i
f
y
d
e
f
i
c
i
e
n
c
i
e
s
i
n
t
h
e
i
r
s
c
o
p
e
,
a
n
d
i
n
a
d
e
q
u
a
c
i
e
s
i
n
t
h
e
i
r
f
u
n
d
i
n
g
a
n
d
i
n
c
o
m
p
l
e
t
i
n
g
s
c
h
e
d
u
l
e
s
;
(
i
i
i
)
i
d
e
n
t
i
f
y
a
d
d
i
t
i
o
n
a
l
r
e
s
e
a
r
c
h
p
r
o
j
e
c
t
s
t
h
a
t
s
h
o
u
l
d
b
e
u
n
d
e
r
t
a
k
e
n
;
(
i
v
)
i
d
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t
i
f
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s
p
e
c
i
f
i
c
r
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s
e
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r
c
h
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r
o
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r
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m
s
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o
r
w
h
i
c
h
i
n
t
e
r
n
a
t
i
o
n
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l
c
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o
p
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r
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n
w
i
l
l
b
e
p
r
o
d
u
c
t
i
v
e
;
(
b
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o
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d
v
i
c
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c
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o
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a
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l
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t
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o
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n
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c
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p
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r
d
i
n
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t
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o
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r
e
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e
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r
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;
(
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o
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r
e
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o
m
m
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n
d
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t
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n
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.
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e
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e
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r
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h
A
d
v
i
s
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o
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r
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n
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u
t
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r
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y
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y
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e
k
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n
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l
y
s
e
s
,
a
s
s
e
s
s
m
e
n
t
s
a
n
d
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
f
r
o
m
o
t
h
e
r
p
r
o
f
e
s
s
i
o
n
a
l
,
a
c
a
d
e
m
i
c
,
g
o
v
e
r
n
m
e
n
t
a
l
o
r
i
n
t
e
r
g
o
v
e
r
n
m
e
n
t
a
l
g
r
o
u
p
s
a
b
o
u
t
t
h
e
p
r
o
b
l
e
m
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
q
u
a
l
i
t
y
r
e
s
e
a
r
c
h
a
n
d
r
e
l
a
t
e
d
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
.
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h
e
I
n
t
e
r
n
a
t
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o
n
a
l
J
o
i
n
t
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o
m
m
i
s
s
i
o
n
s
h
a
l
l
d
e
t
e
r
m
i
n
e
t
h
e
s
i
z
e
a
n
d
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
.
T
h
e
C
o
m
m
i
s
s
i
o
n
s
h
o
u
l
d
a
p
p
o
i
n
t
m
e
m
b
e
r
s
t
o
t
h
e
A
d
v
i
s
o
r
y
B
o
a
r
d
f
r
o
m
a
p
p
r
o
p
r
i
a
t
e
F
e
d
e
r
a
l
,
S
t
a
t
e
a
n
d
P
r
o
v
i
n
c
i
a
l
G
o
v
e
r
n
m
e
n
t
a
g
e
n
c
i
e
s
a
n
d
f
r
o
m
o
t
h
e
r
a
g
e
n
c
i
e
s
,
o
r
g
a
n
i
z
a
t
i
o
n
s
a
n
d
i
n
s
t
i
t
u
t
i
o
n
s
i
n
v
o
l
v
e
d
i
n
G
r
e
a
t
L
a
k
e
s
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
.
I
n
m
a
k
i
n
g
t
h
e
s
e
a
p
p
o
i
n
t
m
e
n
t
s
t
h
e
C
o
m
m
i
s
s
i
o
n
s
h
o
u
l
d
c
o
n
s
i
d
e
r
i
n
d
i
v
i
d
u
a
l
s
f
r
o
m
t
h
e
a
c
a
d
e
m
i
c
,
s
c
i
e
n
t
i
f
i
c
a
n
d
i
n
d
u
s
t
r
i
a
l
c
o
m
m
u
n
i
t
i
e
s
a
n
d
t
h
e
g
e
n
e
r
a
l
p
u
b
l
i
c
.
M
e
m
b
e
r
s
h
i
p
s
h
o
u
l
d
b
e
b
a
s
e
d
p
r
i
m
a
r
i
l
y
u
p
o
n
a
n
i
n
d
i
v
i
d
u
a
l
'
s
q
u
a
l
i
f
i
c
a
t
i
o
n
s
a
n
d
p
o
t
e
n
t
i
a
l
c
o
n
t
r
i
b
u
t
i
o
n
t
o
t
h
e
w
o
r
k
o
f
t
h
e
A
d
v
i
s
o
r
y
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o
a
r
d
.
5
.
T
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
S
h
o
u
l
d
w
o
r
k
a
t
a
l
l
t
i
m
e
s
i
n
c
l
o
s
e
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
t
h
e
G
r
e
a
t
L
a
k
e
s
Q
u
a
l
i
t
y
B
o
a
r
d
.
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v
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c
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